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Editorial 


The British Paediatric Association, the British 
Medical Association, and the Archives 


The Archives began publication by the British Medi- 
cal Association in 1926, and 2 years later the British 
Paediatric Association was founded. Although 
meetings of the BPA from 1928 onwards were re- 
ported in the Archives, rather surprisingly it was not 
until 1945 that an agreement was reached that the 
BPA should be responsible for nominating the 
Editors and the members of the Editorial Committee. 
(The story of the relationship between the BPA and 
the Archives is well told in H. C. Cameron's The 
British Paediatric Association, 1928-1952.) The 
resulting loose arrangement between the two Asso- 
ciations worked well over the subsequent 20 years, 


but the time came when it needed to be replaced by a 
more formal agreement. 


The Archives is now jointly owned by the BPA and 
the BMA, and any profits are to be equally shared 
between the two partners. The BPA will continue to 
be responsible for appointing the Editors and the 
Editorial Committee. Through Dr Stephen Lock, 
Editor of the British Medical Journal, who is ex 
officio a member of the Editorial Committee, we 
look forward to maintaining the close, friendly, and 
fruitful links that we have long enjoyed with the 
BMA as publishers. 


i. 
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Computerised axial tomography and acute 
neurological problems of childhood 


R. E. DAY, J. L. G. THOMSON, AND W. H. SCHUTT 
From Frenchay Hospital, Bristol 


SUMMARY The results of computerised axial tomography (CAT) in 80 children with neurological 
symptoms and/or signs of less than 3 months’ duration are discussed in relation firstly to intracranial 
pathology and secondly to clinical presentation. 26 children had intracranial space-occupying lesions 
(tumour, abscess, haemorrhage, infarct). CAT was abnormal in 25 of these and diagnostic in 18. 
A further 20 children had meningitis or encephalitis, and CAT was abnormal in 12. In contrast with 
this high rate of scans showing pathology, CAT was abnormal in only 4 of the remaining 34 children 
who had less definite or no intracranial disease. 

Analysis of clinical presentation showed that 42 of 69 children presented with persisting neurologi- 
cal signs and of these, 25 had an intracranial space-occupying lesion and 29 had abnormal CAT. 
Only 5 of 27 children who had symptoms alone or signs lasting less than 24 hours had abnormal 
CAT, and no intracranial lesion requiring specific treatment was missed. CAT is useful for demons- 
trating the site, size, and nature of many lesions. The scan may not initially be abnormal in brain 
stem gliomas and in small subdural collections of fluid. 


Computerised axial tomography (CAT) is valuable Table 1 No. of children having CAT in 2 vears 
in diagnosing intracranial pathology, and often 














demonstrates the nature and extent of a lesion. — č  ž nan o ENSIS TUR MCI 
Clinically it is equally useful for its ability to exclude ^ Hydrocephalus or macrocephaly 152 248 
certain conditions. CAT is also used to monitor Chronic neurological disoraers — 153 166 
ts e" Acute neurological disorders 83 113 
hydrocephalus and tumours. In some conditions it Head indury 47 62 
may give more information than investigations pre- T Pe 2 
LI . . . t be 35 
viously available or thought justified (Harwood- °°“ 





Nash and Breckbill, 1976; Baker, 1976). CAT is non- 
invasive, easy to perform, and does not require 
admission to hospital. The clinical situations in 
which it is useful in childhood have not yet been 
defined. This paper studies its value in a group of 80 
children presenting with acute neurological symp- 
toms or signs. 


patients presenting with symptoms and/or signs of 
less than 3 months' duration were analysed and 
children with hydrocephalus or head injury excluded. 
2 could not be traced and CAT was unsatisfactory in 
1. The remaining 80 patients were divided according 
to the final diagnosis (Table 2) as well as on the basis 

of clinical presentation (Tables 3 and 4). We discuss 
Method the value of CAT in various pathological conditions 
in part I of this paper and its value in relation to 


- All children aged 0-15 years who had CAT in the 2- clinical situations in part II. 


year period 1974-1976 at Frenchay Hospital, Bristol, 
were studied. 

PART I CAT FINDINGS RELATED TO DIAGNOSIS 
Results (A) Tumours. 13 children with primary intracranial 

tumours (Table 5) and 1 with a secondary meningeal 
465 children had 632 CAT examinations. These have tumour were found. 3 had supratentorial tumours 
been divided into groups as shown in Table 1. 83 and in each of these CAT was diagnostic and no 

further investigation was performed before surgery. 
Received 13 May 1977 There was enhancement with Conray in each case 


Computerised axial tomography and acute neurological problems of childhood 3 


Table 2 Diagnosis in children presenting with acute neurological disorders 
anne UU UU 





CAT 
Other 
Abnormal but Doubtful neuroradiological 
Diagnosis n Diagnostic not diagnostic abnormality Normal _ investigations 


Definite intracranial pathology 


(A) Tumours 14 10 3 I 0 7 
(B) Infarcts 5 3 2 0 0 3 
(C) Haemorrhage 4 3 1 0 0 4 
(D) Abscess 3 2 1 0 0 2 
(E) Meningitis 7 0 5 1 1 2 
(F) Encephalitis 13 0 7 2 4 7 
(G) BICH 4 0 0 3 1 Ü . 
(H) Coma 4 0 1 2 1 2 
Indefinite intracranial pathology 

Hemiparesis ? cause 2 0 0 0 2 1 
Epileptic fits 9 0 1 2 6 1 
Headaches including migraine 6 0 l 0 5 1 
Psychological disturbance 9 0 I 0 8 I 
Total 80 18 23 11 28 31 


BICH = benign intracranial hypertension. 


Table 3 Patients with no abnormal neurological signs for more than 24 hours 





CAT 
Total Normal] Other 
Symptoms no. doubtful Abnormal investigations Final diagnosis 
Headache and/or vomiting and/or lethargy 9 8/1 0 1 isotope scan Psychogenic 6 
alone ?abnormal T 3 
Headache, fever, drowsiness 3 2/0 1 low density area Encephalitis 
Glandular fever 
Encephalitis 
Episodic disturbance with symptoms 10 8/2 0 Idiopathic epilepsy 3 
or signs <24h Febrile convulsions 2 
Migraine 2 
Tuberosclerosis 1 
? 2 
Episodic disturbance with symptoms >24 h 5 1/0 2 dilated ventricles AEG abnormal Epilepsy 
CSF protein 0:8 g/l Psychogenic 
Encephalitis 
| asymmetrical ? 
ventricles 
1 dilated ventricle CSF normal Meningeal secondary tumour 


AFG - air encephalogram. 


Table 4 CAT findings in patients with abnormal neurological signs 











Definite intracranial pathology Indefinite intracranial pathology 
Signs n Tumour Infarct Haemorrhage Abscess Total Encephalitis BICH Vascular Cerebritis Total 
Papilloedema alone 7 1AD 2 AD 4 1A 3 
1A IN 1 (N) 
Ataxia 12 7AD 1A 9 2A 3 
1 (N) IN 
Cranial nerve palsies 6 1AD 1 IN 1N 5 
1 (N) 2 (N) 
Hemiparesis 17 1AD 3 AD 1 AD 2AD 11 1A 1A 6 
2 N—A 1A 1A IN 2N 
1 (N) 
Total 42 13 5 4 3 25 10 4 2 1 17 


N= normal; (N)=doubtful abnormality; A=abnormal; AD =diagnostic. 


and the cystic nature of the tumour was shown in 2. before surgery (Table 5). CAT also demonstrated 
6 children had cerebellar tumours and in each of the associated lateral and third ventricular dilata- 
these CAT was diagnostic of a malignancy; however tion. There was enhancement with Conray in $5 
n 4 of them further investigation was performed patients (Figs. 1, 2). 
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Table 5 Primary intracranial tumours 


— PIU UU t 


CAT findings 














Lateral 
Type of tumour n ventricles 
Cerebellar medulloblastoma 4 Dilated 
ás ependymoma I Dilated 
*" astrocytoma l Dilated 
Cystic astrocytoma pons l Dilated 
Brain stem glioma 3 Normal 
Slight dilatation 
Normal 
Ependymoma gerebral hemisphere l Displaced 
Glioma basal ganglia l Displaced 
Glioma cerebral hemisphere l Displaced 


RCA = Right carotid arteriogram. 


The 4 brain stem tumours were more difficult to 
diagnose. One child had a cystic astrocytoma of the 
pons clearly seen on CAT 6 weeks after the onset of 
symptoms. The second child, who had CAT 3 weeks 
after the onset of symptoms, showed a little uptake 
of Conray in the brain stem, which was still con- 
sidered to be within normal limits at the time (Fig. 3). 
However, air encephalogram (AEG) 10 days later 
showed displacement of the aqueduct and 4th ven- 
tricle consistent with a brain stem tumour. The third 
and fourth boys each presented with a hemiparesis 
and cranial nerve palsies. CAT performed 10 days 
and 3 weeks, respectively, after onset of symptoms 
was normal in each case. Repeat CAT 4 weeks later, 
however, showed a small low density area in the 
brain stem and investigation with AEG and myodil 
ventriculography, respectively, confirmed the brain 
stem swelling and showed posterior displacement of 
the aqueduct and 4th ventricle, consistent with the 








Density of Enhanced Other 





mass by Conrav investigations 
High 3 yes (1 not | RCA 

given) I Myodil ventriculography 
High Yes Myodil ventriculography 
Cystic Yes Myodil ventriculography 
Low Yes No 
Low No AEG 
Low No Myodil ventriculography 
Isodense Slight AEG 
Cystic Yes No 
High Yes No 
Cystic Yes No 


diagnosis of brain stem glioma. Diagnosis in the 
third boy was confirmed at necropsy. The child with 
meningeal tumour deposits secondary to an un- 
differentiated tumour in his neck showed mild dilata- 
tion of the ventricles consistent with a meningitis but 
the meningeal deposits shown at necropsy 18 days 
later were not seen on the scan. 


(B) Infarcts. 5 children had cerebral infarcts. In 3 
these were in the territory of the middle cerebral 
artery and 2 showed the classical wedge-shaped low 
density area (Fig. 4). The third child with congenital 
heart disease showed bilateral low density areas with 
dilated ventricles 6 weeks after the first episode of 
arterial occlusion. The fourth and fifth children had 
infarcts in the territory of the anterior cerebral 
artery. One showed areas of mixed density and the 
possibility of a tumour was disproved histologically. 
The high density was presumably haemorrhage. The 


Fig. | Medulloblastoma. 
(a) High density mass in 
the posterior fossa. (b) 
Highlighting with Conray. 
Note associated dilatation 
of lateral ventricles. 


(b) 
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(a) 


fifth child showed the expected dilatation of the 
ventricle on the side of the lesion as the scan was 
done 3 weeks after the onset of symptoms. Conray 
given in the fourth and fifth cases showed some 
enhancement in the latter. This is known to occur in 
infarcts particularly if the scan is delayed for 1 week 
after onset of symptoms, and may cause confusion 
with tumours if the lesion is not the classical wedge 
shape. Repeat CAT will however differentiate one 
from the other. The scan is more accurate than 
angiography in showing the extent of infarction but 





Fig 2 Cerebellar 
astrocytoma. (a) Large 
cystic lesion in posterior 
fossa with central mass. 
(b) Enhanced by 
Conray. 


(b) 


will not show the underlying vascular obstruction. 
Carotid angiography was therefore performed in 2 
patients and isotope brain scan in one, all with 
negative results. 


(C) Intracranial haemorrhage. This was seen with 
and without arteriovenous malformations in 4 chil- 
dren. 3 presented with a history of headaches, vomit- 
ing, and papilloedema without lateralising signs. One 
with an 8-day history of headache was found to have 
a high density area over the right frontal region con- 


Fig. 3 Brain stem 
glioma. (a) Note the 
mixed high and low 
density area in front of 
the fourth ventricle 
which in (b) shows 
enhancement after 
Conray. 
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Fig. 4 Cerebral infarct. Low densit y area in territory 
of the left middle cerebral artery. Note associated 
displacement of the lateral ventricles to the right with 
compression of the left lateral ventricle. 


sistent with a subdural haematoma confirmed by 
carotid angiography and surgery. No cause was 
found. 

The second child with a 3-4 week history was 
shown to have a low density area highlighting with 
Corray in the occipital region. This was thought to 
be a vascular lesion but angiography showed no 
vascular anomaly. At surgery an old haematoma was 





(a) 





aspirated and the child remained well. The third 
child with a 3-week history of headache had a similar 
low density area in the occipital region with circular 
highlighting after Conray (Fig. 5). Angiography 
showed an angiomatous malformation and led to 
successful surgery. It was particularly gratifying that 
in these children without lateralising signs CAT local- 
ised the lesion, suggested the diagnosis, and deter- 
mined the nature of further investigation. 

The fourth child presented with a hemiparesis and 
CAT showed a large high density mass diagnostic of 
a fresh haematoma in the region of the thalamus. It 
extended laterally to the vault and medially into the 
lateral ventricle (Fig. 6a). Carotid angiography (Fig. 
6b) showed the arteriovenous malformation but the 
site of the haematoma as shown on CAT indicated 
the best surgical approach for removal. 


(D) Abscess. 3 children had a surgically confirmed 
cerebral abscess. In 2 who were being treated for 
meningitis the scan showed displacement of the 
ventricles and a large low density area. One child 
had an angiogram and an isotope brain scan which 
were both abnormal. The other child was operated 
on without further investigation. 

The third child with sinusitis and a hemiparesis 
showed low density areas in the right frontal and left 
parietal regions, with ventricles displaced to the left. 
This was thought to be consistent with a right frontal 
lobe abscess. Carotid angiography however sug- 
gested a right parasagittal subdural collection of pus 
with cerebral swelling, which was confirmed at sur- 
gery. In retrospect the collection of pus was shown 


Fig. 5 Arteriovenous 
malformation. (a) Low and 
high density area in the left 
occipital region with 

(b) circular highlighting 
after Conray. Confirmed 
by arteriography. 
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in the scan, but the appearances were not correctly 
interpreted. It should be remembered that both blood 
and pus in some instances may be isodense with 
brain substance and thus difficult to see. In the case 
of intracerebral abscesses, particularly after Conray 
when a typical thin white ring shadow is produced, 
the delineation of the lesion is more accurately shown 
than by other techniques. 


(E) Meningitis. This was known to be present in 7 
children and CAT was performed because of sus- 
pected complications. The aetiology of the meningitis 
was viral 1, tuberculous 1, other bacteria 3, leu- 
kaemic 2. The reason for performing CAT was per- 
sistent papilloedema in 4, continued fever, lethargy, 
and neck stiffness in 1, convulsions and coma in the 
child with tuberculous meningitis, and facial palsy 
in the child with viral meningitis. CAT was definitely 
abnormal in 5, with dilatation of the ventricles and/ 
or excess fluid over the cerebral cortex. Abscess was 
excluded in all cases. 


(F) Encephalitis. This was a very mixed group clini- 

cally as a definite diagnosis was difficult to make. 
-= However of 13 patients, 7 had definitely abnormal 
scans. In 4 children low density areas were seen and 
in 2 ventricular dilatation, while 1 had asymmetrical 
ventricular compression. Of the patients with low 





(b) 

Fig. 6 (a) Large haematoma (high density) in the region of the left thalamus extending laterally to the vault and 
medially into the ventricles. (b) Left carotid angiogram showing arteriovenous malformation but not showing as 
clearly as CAT the site and extent of the haematoma. 


density areas, 3 had further neuroradiological in- 
vestigation. In 1 an isotope scan was normal but in 
the other 2 isotope scanning and angiography con- 
firmed the CAT findings. One child had bitemporal 
low density areas suggestive of herpes simplex infec- 
tion, but was unconfirmed virologically. The low 
density areas demonstrated on CAT indicated areas 
of infection and oedema which can usually be dis- 
tinguished from abscesses, infarcts, and tumours by 
the absence of displacement. Furthermore abscesses 
and tumours usually highlight with Conray whereas 
encephalitis does not. Only 2 of our patients with 
abnormal scans had Conray and neither showed 
enhancement. 


(G) Benign intracranial hypertension (BICH). This is 
a poorly defined clinical entity comprising symptoms 
of raised intracranial pressure with papilloedema in 
the absence of clinical evidence of intracranial space- 
occupying lesion. It usually remits spontaneously. 
There were 4 children in this group and 3 had doubt- 
fully abnormal scans while the fourth was normal. 
One showed low density areas in the right posterior 
parietal and temporal regions, suggesting possible 
encephalitis or venous infarction associated with 
middle-ear disease. The main value of CAT in this 
condition is in excluding other pathology such as a 
posterior fossa tumour, which before CAT would 
have necessitated an AEG or air ventriculography. 
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(H) Coma. 4 patients presented with coma for vari- 
ous reasons. One child with Down's syndrome in 
heart failure was shown clinically to have raised 
intracranial pressure. CAT showed dilated ventricles 
and excess cortical fluid. The other 3 had normal 
scans and were in coma because of carbon dioxide 
retention, diabetic ketoacidosis, and dehydration. 


Discussion 


Our results show that CAT is frequently diagnostic 
in children with tumours (10/14), abscess (2/3), intra- 
cerebral haemorrhage (3/4), and infarcts (3/5). There 
were only three false-negative examinations (brain 
stem tumours), two of which later became positive. 
Thus there is an overall detection rate of these con- 
ditions at initial investigation of 88% (77% diag- 
nostic), rising to 96% if repeat examination is in- 
cluded. 64 ^7 had further neuroradiological investiga- 
tions, this being a further requirement in intracranial 
haemorrhage to define the source of bleeding (12°). 
32% had surgery without further investigation and 
with more experience this proportion should in- 
crease. There was one false-positive scan (cerebritis/ 
cerebral abscess) which would almost certainly have 
been correctly diagnosed had C onray been given. 

CAT was diagnostic in all cerebellar and cerebral 
hemisphere tumours but initially was diagnostic in 
only 1 out of 4 brain stem tumours. Berger et al. 
(1976) reviewing CAT in 44 intracranial tumours in 
children also found CAT diagnostic in all cerebellar 
tumours, but equivocal in 1 of their 2 brain stem 
tumours. They concluded that pneumoencephalo- 
graphy is still the procedure of choice in suspected 
brain stem tumours, but pointed out that CAT may 
be helpful in defining a cystic component as shown 
in one of our cases. We feel that as an initial investi- 
gation of suspected tumour CAT is very valuable as 
It demonstrated accurately the size, extent, and con- 
tent of the tumour as well as any associated ventri- 
cular dilatation and will otherwise indicate the next 
diagnostic procedure required. 

Cerebral infarcts are an evolving condition and the 
CAT appearance depends on the time at which it is 
performed. CAT in the early stages clearly shows the 
extent and size of infarction, the presence of haemor- 
rhage or any mass effect which may be surprisingly 
extensive. Subsequently it will show the amount of 
resolution with atrophy or cyst formation. Davis et 
al. (1975) describe the various CAT appearances of 
infarcts and conclude that angiography may be valu- 
able early to determine the cause of infarction but 
that later CAT is more informative than angio- 
graphy or radionuclear scan. Angiography in 2 of 
our patients performed 2 days and 3 weeks after 
onset was unhelpful. We conclude that the clinical 


history and the use of Conray with repeat CAT if 
necessary will distinguish infarcts from other causes 
of brain swelling. 

CAT is particularly valuable in intracerebral 
haemorrhage. Scott et al. (1974), comparing angio- 
graphy and CAT, concluded that CAT provided 
considerable information about the localisation and 
extent of the haematoma, the presence of cerebral 
oedema, intraventricular clot, and hydrocephalus. 
Furthermore, CAT is the only noninvasive method 
now available to differentiate an intracerebral clot 
from an infarct, which has relevance should anti- 
coagulation be considered. In the case of haemor- 
rhage, arteriography is required to show aneurysms 
which if small will not be shown on CAT (Davis 
et al., 1976), and to identify feeding and draining 
vessels of arteriovenous malformations (Pressman 
et al., 1975). When followed-up over a period of 
time, an intracranial collection of blood changes 
from high to low density (New and Aronow, 1976), 
as shown in 2 of our cases. At an intermediate stage 
a haemorrhage may be isodense and it may be diffi- 
cult to define the lesion in subdural haematoma 
(Davis et al., 1976). 

Cerebral infection is a condition which evolves 
from an area of oedema and cellular infiltration, 
often progressing to an encapsulated collection of 
pus. Zimmerman et al. (1976) describe 2 cases similar 
to ours in which initial CAT showed a low density 
area they described as cerebritis. Follow-up scans 
showed the localisation of an intracerebral and sub- 
dural abscess cavity. We have found that subdural 
collections of pus may be difficult to detect initially 
on CAT as the density is often the same as adjacent 
normal brain. Consequently, persistent suspicion of 
subdural abscess in the presence of a doubtful scan 
indicates the need for further investigation with 
electroencephalogram, angiography, and even burr 
holes. On the other hand, we have found that intra- 
cerebral abscesses can be reliably detected on CAT 
particularly after Conray. 

The value of CAT in meningitis is to show com- 
plications, and we agree with Zimmerman ef al. 
(1976) that CAT is useful in detecting associated 
infarcts, abscesses, and hydrocephalus. CAT is not 
generally diagnostic in encephalitis, though we have 
found patchy areas of low density of inconstant 
distribution in several cases of uncertain aetiology.. 
The characteristic appearance of low density areas 
in both temporal regions has been described in herpes 
simplex encephalitis (Thomson, 1976) and one of our 
cases showed this distribution. Other virus infections 
possibly produce a similar appearance (Heathfield 
et al., 1967). CAT makes it possible to apply brain 
biopsy accurately to the affected area for virological 
confirmation. 
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PART II CAT FINDINGS RELATED TO CLINICAL 
PRESENTATION 


It is important to determine in which group of 
patients CAT has most diagnostic value. The patients 
are divided into two major groups: (1) those with 
neurological symptoms alone or with signs lasting no 
longer than 24 hours (27 patients); (2) those with 
neurological signs for more than 24 hours (42 
patients). The children with meningitis and coma are 
not included in this section as the primary diagnosis 
is made before CAT. 


Group 1. 


Patients with symptoms but neurological signs for less 
than 24 hours (Table 3). 8 of the 9 patients with head- 
ache, with or without vomiting, and lethargy had 
normal scans. In many of these the illness was 
eventually thought to have a psychological basis. 
(One scan was doubtfully abnormal but no specific 
cause for this was found.) 3 were also pyrexial and 
the final diagnosis was encephalitis. 15 patients had 
an episodic disturbance, such as convulsions, loss 
of consciousness, or dizziness. Of 10 with symptoms 
and signs for less than 24 hours, none had a definitely 
abnormal CAT. One 6-year-old child with fits and 
many depigmented skin lesions was thought to have 
tuberous sclerosis, but CAT showed only a doubtful 
low density area which was not considered to be 
diagnostic. 5 patients had fits with persisting symp- 
toms but no signs. One had a normal CAT and was 
thought to have idiopathic epilepsy. One child had 
fits and had dilated ventricles and excessive cortical 
fluid. He had a raised CSF protein and was thought 
to have encephalitis. A further boy had a single fit 
and continued to complain of headache and lethargy. 
Initial CAT showed a slightly large left ventricle 
confirmed by AEG and repeat CAT showed no 
change. His symptoms were thought to be psychiatric 
in origin and were unchanged 6 months later. The 
boy with meningeal secondary tumour had fits, and 
CAT showed dilated ventricles, consistent with 
meningitis. 

CAT in these patients excluded other conditions. 
Only one patient with definite intracranial pathology 
presented with symptoms but no signs. This was the 
patient with meningeal secondary tumour in which 
.the scan was abnormal as described. It is therefore 
questionable whether it is justified to perform CAT 
in patients without persisting abnormal neurological 
signs. 


Group 2. 


Patients with abnormal neurological signs. Table 4 
indicates those patients with an indefinite diagnosis 


and those with a definite diagnosis often requiring 
surgical treatment. The presentation may be very 
similar in these two groups, i.e. papilloedema, hemi- 
plegia, ataxia, and it is for this reason that CAT is 
potentially most valuable. 


Papilloedema. 7 patients presented with papilloedema 
as the only abnormal sign and of these, 4 had definite 
intracranial pathology (3 intracranial haemorrhage, 
| cerebral glioma). CAT was diagnostic in 3 and 
suggestive in 1. The remaining 3 patients recovered 
spontaneously. One child with presumed encephalitis 
showed a low density area in one parietal region 
which was still present with some ventricular shift at 
5 days, but had disappeared on the eleventh day. 
Isotope brain scan was normal. Of the other 2 
children, one diagnosed as encephalitis with ab- 
normal CSF, and the other as BICH had no definite 
abnormality on CAT. Neither of these children were 
investigated further and both recovered fully. CAT 
therefore identified those children requiring surgical 
treatment and identified the site, nature, and extent 
of the lesion. 


Ataxia. 10 children presented with ataxia and a 
further 2 were described as having an unsteady gait 
without a more specific description. 9 had definite 
intracranial pathology (1 infarct, 6 cerebellar and 2 
brain stem tumours). In all 6 cerebellar tumours 
CAT was diagnostic, but one of the brain stem 
tumours was not shown. The child with the haemor- 
rhagic infarct presented with headache, vomiting, 
and unsteadiness. CAT was definitely abnormal but 
not diagnostic. The other 3 children recovered fully 
and were thought to have had encephalitis or acute 
benign cerebellar ataxia. In one, CAT showed slightly 
dilated ventricles and the CSF contained 15 WBC/ 
mm3. In the second, CSF was normal; CAT showed 
some compression of the left lateral ventricle which 
persisted 8 days later. The third child had a normal 
CAT and CSF and was fully recovered within 3 
weeks. 

Thus, CAT in an ataxic child will show cerebellar 
tumours. Brain stem tumours may not be identified 
early and if there are associated cranial nerve signs 
or the child deteriorates, repeat CAT or other 
investigation is indicated. 


Cranial nerve palsies. 6 children presented in this 
way, only | having definite intracranial pathology 
eventually identified as a cystic ependymoma in the 
right cerebral hemisphere. CAT indicated a tumour 
and surgery was undertaken without further radio- 
logy. The other 5 children recovered fully (BICH 3, 
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encephalitis 2) and none had a definitely abnormal 
CAT. The 3 diagnosed as BICH presented in a very 
similar way to the child with the ependymoma, with 
papilloedema and 6th nerve palsy, although the 
history was shorter in the latter. The 2 children with 
encephalitis presented with headache, vomiting, 
drowsiness, and unilateral facial weakness. One 
child had papilloedema, and 125 lymphocytes/mm? 
in the CSF. 

CAT reliably distinguished the patients with non- 
progressive conditions. However, if cranial nerve 
palsies are associated with ataxia or hemiplegia a 
normal CAT must be interpreted with caution as 
CAT was initially normal in 3 of the 4 brain stem 
tumours. 


Hemiparesis. 17 children presented with a hemi- 
paresis and CAT was diagnostic in 7 (infarct 3, 
abscess 2, haemorrhage 1, tumour 1) (Table 4). It 
was initially abnormal in a further 4; a presumptive 
diagnosis of encephalitis being made in | and further 
investigation leading to the correct diagnosis in 3 
(infarct 1, abscess 1, cerebritis 1). In the remaining 
6 patients CAT was initially normal and in 3 of these 
further investigation was unhelpful. In one, carotid 
angiography suggested a venous sinus thrombosis. 
In 2, clinical deterioration led to repeat CAT which 
suggested a brain stem glioma, confirmed by AEG. 

The 3 children mentioned above in whom initial 
CAT was abnormal but not diagnostic are of interest. 
Firstly, the child with the infarct had a 3-week history 
of hemiparesis when CAT was performed. It showed 
the classical appearance of a late infarct—a low 
density area with some highlighting with Conray and 
dilatation of the ventricle. The 2 children with abscess 
and cerebritis had very similar histories and CAT 
appearances. One had a hemiparesis in association 
with sinusitis and is described in the section on 
abscess. The other had orbital cellulitis and angio- 
graphy showed a bare area in the same region as the 
low density area on CAT. Surgery however showed 
only cerebral oedema. Conray would almost cer- 
tainly have distinguished these conditions. 

Overall, however, CAT is very helpful in associa- 
tion with the clinical findings in children with hemi- 
paresis, being diagnostic in 41 %. 12 of the 17 patients 
had further neuroradiological investigation but this 
was helpful in only 5 (brain stem tumour 2, abscess 1, 
arteriovenous malformation |, venous thrombosis 
1) unhelpful in 5, and merely confirmed CAT 
findings in 2. 


Discussion 


Chiidren presenting with histories of less than 3 
months' duration suggestive of intracranial patho- 


logy can easily be divided clinically into two groups, 
those with and without abnormal neurological signs. 
In the group with no abnormal neurological signs 
for more than 24 hours are many who would not 
previously have been investigated neuroradio- 
logically. In none of these patients was unsuspected 
intracranial pathology found with CAT, and its 
value lies in the reassurance it gives to clinicians 
and patients alike. In those with abnormal neuro- 
logical signs—papilloedema, ataxia, cranial nerve 
palsies, and hemiparesis—CAT provides a safe, 
rapid, and relatively nontraumatic way of dis- 
tinguishing potentially serious intracranial condi- 
tions often requiring specific treatment from those 
with a more self-limiting benign cause. 

In the 13 children with papilloedema and/or 
cranial nerve palsies and no other signs, CAT clearly 
distinguished those with tumours and haemorrhage 
(5) from those with encephalitis or BICH (8). Before 
CAT, the children with no localising signs would 
have had air ventriculography or bilateral angio- 
graphy. Now even in those with haemorrhage who 
still require angiography the side of the lesion is 
demonstrated by CAT. In those with cerebellar 
ataxia and no cranial nerve signs, CAT again dis- 
tinguished those with tumour (6) and infarct (1) 
from those with self-limiting conditions (3). How- 
ever, the 2 children with ataxia and cranial nerve 
signs both had brain stem tumours and, as discussed 
above, one of these had a normal CAT. 

Acute hemiplegia of childhood has many causes 
(Isler, 1971) and in our 17 cases CAT was abnormal 
in 13, 7 showing diagnostic appearances. CAT was 
initially normal in 2 children with cranial nerve signs 
and hemiplegia who were later found to have brain 
stem tumours. It has been the practice to perform 
angiography on children with acute hemiplegia but 
this procedure is not without risk and may fail to 
distinguish haemorrhage from infarction. Normal 
angiography also does not exclude a vascular aetio- 
logy as emboli may disappear within hours or days. 
In 12 of our patients further neuroradiological in- 
vestigations were performed but this gave additional 
information in 5 only. 

CAT is therefore diagnostically valuable in chil- 
dren presenting with acute neurological problems. 
Only half of the children with neurological signs 
required further neuroradiological investigations. In 
many cases it provides more information than these 
traditional techniques, in particular about the exact 
site and size of a lesion. It is certainly much more 
acceptable to the child, and can indeed save the 
child being admitted to hospital. 


The CAT scans were performed on an EMI brain 
scanner CT 1000. 
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Long-term study of smoking by secondary 
schoolchildren 
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SUMMARY We report the methodology and some first year results of a 5-year longitudinal study of 
smoking. In 6330 Derbyshire secondary schoolchildren aged 11-16 years, 6% of boys and 2-5% of 
girls were smoking one or more cigarettes per week. Higher rates of regular smoking and of children 
who had tried smoking were found in secondary modern schools, followed by middle, comprehensive, 
and grammar schools. The results clarify the relationship between children's smoking habits and 
those of the parents and siblings. Boys were more likely to smoke if their fathers smoked and girls 
were more likely to smoke if their mothers smoked. Irrespective of parental smoking, whether or not 
siblings smoked had a great influence on whether the child would smoke. Having more money to 
spend, working at a part-time job, spending more evenings out with a mixed-sex peer group, at a 
youth club, or out dancing, and playing truant from school were all associated with an increased risk 
of smoking. 


The widespread use of cigarettes among adolescents, Table 1 MRC/Derbyshire longitudinal smoking study: 
with its associated health hazards, has caused con- design of study 


. ———— MM ——————H BÓ MÓM——HÓ—Une 
cern in a number of reports (US Surgeon-General, 


Years of study 





1964; Royal College of Physicians, 1971; World —. 
Health Organization, 1975). Effective antismoking — — | — ee ANE GET. NM 
health education is hampered by a lack of under- Age of pupils (yr) 

standing of why children start to smoke. We here Ms X " 5 

describe the methodology of a longitudinal study 13/14 x 

over 5 years of 6330 Derbyshire schoolchildren aged 14/15 S X i 
11-16 and present some findings from the first year.  !3!6 " 

The aims of the study were: (i) to provide prevalence Parents Px Px 

and incidence figures for smoking in a school ee T T 


population of boys and girls aged 11-16 years; 
(ii) to assess the effect of smoking on the respiratory Controls (Hawthorne) H 
; A 15/16 years old 
symptoms of a defined population of schoolchildren: 
(iii) to investigate some of the environmental, social, ^ Intervention group na a € 
e . . * Q i t 
and psychological factors that are associated with Anmamoking programme evaluation 
the recruitment of smokers and the maintenance of S DIMIASN group children; Pon — group; - 
s Ee we B : : Px — parents of prospective group; T —teachers in prospective group 
the. smoking habit; Gv) to evaluate antismoking kook Him HONS aonn. 
programmes for schoolchildren, 











and approximately 2500 children in each of the other 
Methods groups. These numbers were chosen so that sub: 
groups of smokers and nonsmokers would be large 
The study is still being carried out in Derbyshire on enough to allow for comparisons. 
four groups of schoolchildren. Table 1 shows the (i) The prospective group children will have been 
design of the study. Schools were chosen to provide studied from 1974 to 1978, that is from the age of 


approximately 7000 children in the prospective group 11/12 years and in their first year of secondary school 
to age 15-16 years. (ii) The secular trend group were 
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changes in smoking habits, if any, occur with time, 
independent of age. Children from a subsample of 
the prospective group schools (2500 14-15 year olds) 
were asked in 1974 about their smoking habits. In a 
similar manner, 2500 11-12 year olds from the same 
schools were asked in 1977 about their smoking 
habits. (iii) The Hawthorne group consists of 2500 
children aged 11—12 years in 1974, who will not be 
asked to participate until 1978. The reason for this is 
to assess the experimenter effect upon behaviour of 
people being studied (Roethlisberger and Dickson, 
1939). Repeated questioning of a group of children 
about smoking may influence their smoking be- 
haviour. (iv) A group was also selected for the 
purpose of evaluating the effects upon smoking 
habits of antismoking programmes. 

The parents of the prospective group children 
completed questionnaires in the first year of the 
study. Teachers in the prospective group schools 
completed a short, anonymous questionnaire in the 
first 2 years of the study. Parent and teacher ques- 
tionnaires will be repeated in 1978, the last year of the 
study. All questionnaires are self-administered and 
self-coded. 

The sampling frame consisted of all state secon- 
dary schools in the county of Derbyshire. In cases 
where the age of school entry was more than 11 
years, the middle school(s) that was linked to the 
secondary school was included with the secondary 
school as one sampling unit. 

In defining the prospective group, Hawthorne, and 
intervention groups, the schools in the sampling 
frame were divided into three strata: the urban/ rural 
definition was that used by Derbyshire Education 
Committee, namely (a) schools in Derby, (b) schools 
in urban areas outside Derby, (c) rural and mixed 
rural/urban schools. 

For each stratum the total yearly intake was cal- 
culated and schools were allocated at random to the 
three sampling groups by putting a school into the 
Hawthorne group, a school into the intervention 
group, and three schools into the prospective group. 
A ‘running total’ of the children in each group was 
kept until the required number of children had been 
assigned to a group, and then no more schools were 
allocated to it. The required numbers were 7000 in 
the prospective group, and 2500 each to the Haw- 
thorne and intervention groups. Schools for the secu- 
lar trend group were selected from among the pros- 
pective group by calculating the number of children 
in each stratum required to give an intake of 2500 
overall and then choosing the schools at random until 
the necessary total of children was reached. In some 
cases two or more schools were combined into one 
sampling unit because there was either interchange of 
pupils or an intention to amalgamate the schools. 
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The largest such group was the Chesterfield schools, 
where children could move to either of two senior 
schools at age 13 plus, and therefore all schools in 
Chesterfield were included in the sampling frame as 
one unit. The two largest urban areas in the county, 
Derby and Chesterfield, account for 45% of the 
secondary schools in the prospective sample. The 
remaining schools are located in rural areas and in 
so-called ‘industrial villages’, many of them mining 
communities to the east of the county. When sampling 
was completed, the prospective group consisted of 51 
schools and 7383 children aged 11—12 years in 1974. 

In the spring of 1974 all schools in the sample were 
visited by a research worker (M.H.B. or B.R.B.) to 
explain the project to the headteacher and request 
co-operation. Three headteachers refused to partici- 
pate. During these visits a questionnaire requesting 
information about the school was completed. All 
schools arranged for the self-administered children's 
questionnaires to be completed in classrooms within 
one week in June 1974. The teachers completed their 
questionnaires at the same time. 

In September 1974 the parents' questionnaires 
were mailed to home addresses, and replies were 
returned in pre-paid envelopes. Nonresponders were 
contacted by post on two subsequent occasions. The 
remaining nonresponders were contacted at home 
by a team of trained interviewers. 

At the end of the first year, out of 7383 children 
eligible to take part in the survey, 6330 (3098 boys 
and 3232 girls) had completed questionnaires, a 
response rate of 85-775, with 1:575 refusals and 
12-8% absentees. 


Results 


Smoking prevalence rate (Table 2). Children's 
smoking was classified by means of the answers to 
the following five statements, to which they were 
asked to give one reply: I have never smoked a 
cigarette; I have only ever tried smoking once; I 
have smoked sometimes, but I don't smoke as much 


Table 2 Smoking prevalence rates (1974, children aged 
11/12 years old) 
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Bovs Girls Total 


Classification by smoking experience (909) (99) (%) 
Nonsmoker Never smoked 44.9 59.8 52-6 
( Tri Tried smoking once 34.6 28:4 3L 
Ever J “MSTS "Smoke <1 per week 14-1 91 11'S 
tried ) Smok fore 1-6 per week 3-1 1:8 24 
| Smokers 1 Smoke >6 per week 29 07 18 
Not known 04 0:2 03 
100-0 100-0 100:0 


3098 3232 6330 


m 


Base numbers 
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as ] a week; I usually smoke between 1 and 6 
cigarettes a week; I usually smoke more than 6 
cigarettes a week. The percentage of boys and girls 
who responded to each of these statements is given 
in Table 2. 

The smoking prevalence rates for each of the 48 
schools were analysed by each of the school charac- 
teristics (Appendix). Although there was wide 
variation between the schools in the proportion of 
children who said they smoked more than 1 cigarette 
per week (from 2% to 32%), there were no clear 
major associations between these school charac- 
teristics and smoking prevalence rates, except that 
there were differences between the four types of 
schools. Table 3 shows that the highest rate of regu- 
lar smokers and children who had tried smoking was 


Table 3 Smoking prevalence rates by type of school 


Type of school 


found in secondary modern schools, followed by 
middle, comprehensive, and grammar schools. 


Smoking by parents, siblings, and friends. The results 
ofthe question on parental smoking are given in Table 
4. Both boys and girls were more likely to smoke if 
either of their parents smoked cigarettes. The relative 
risk if the father smoked was higher for boys and if 
the mother smoked it was higher for girls. Smoking 
prevalence was higher among boys with no father 
and among girls with no mother. 

The results of siblings’ smoking behaviour are 
givenin Table 5. Boys and girls were more likely to 
have smoked if they had brothers or sisters than those 
who did not. This risk was accounted for by the 
number of siblings who smoked, as there was no diff- 
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Middle 
Boys Girls Boys 
(%) (%) (%) 
Nonsmoker 45-4 59.6 37.0 
Triers 49-6 38-2 53.5 
Smoker 5.0 2-2 8-8 
Not known 0 0 0-7 
95 100 100 100 
Base numbers 
Schools 3 3 14 
Children 220 183 705 


Table 4 Parents’ smoking 


Secondary modern 





Grammar Comprehensive 








Girls Boys Girls Boys Girls Total 
(?5) (90) (%) (%) (?5) (%) 
51-0 52.9 72:1 46-4 61:4 52-6 
44:8 44-2 25-8 47-6 36:4 42-9 
3:8 2:6 2:1 5-6 2-0 4-2 
0-4 0:3 0 0-3 0-2 0-3 
100 100 100 99.9 100 100 
17 5 6 19 19 48 
835 342 384 1831 1830 6330 


Girls 


Boys 
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o 
of boys p 9 


o 
regular smokers 
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96 
of girls % 70 
regular smokers 


giving answer ever tried giving answer ever tried 
Father smokes cigarettes 
Yes 55 59 8 52 46 3 
No 40 49 3 42 32 2 
Don’t know l 56 3 I 43 3 
No father 3 70 8 4 44 2 
Not known 1 40 2 I 33 6 
Total 100 55 6 100 40 2 
Father smokes cigar or pipe 
Yes 32 58 T 40 46 3 
No 57 52 5 59 36 2 
Don’t know 4 63 4 4 48 3 
No father 3 70 8 4 44 2 
Not known 4 54 10 3 40 0 
Total 100 55 6 100 40 2 
Mother smokes cigarettes 
Yes 45 60 8 45 4 47 4 
No 52 50 4 53 34 I 
Don't know 1 59 3 1 41 0 
No mother 1 76 6 1 50 6 
Not known 1 41 0 0* 50 0 
Total 100 55 6 100 40 2 


*0% =10 girls. 
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Table 5 Brothers’ and sisters’ smoking 


aT 








Boys Girls 
% % o 
of boys oF regular of girls % % 
giving answer ever tried smokers giving answer ever tried regular smokers 
IG 
No. of brothers 
0 32 48 4 31 32 1 
I 36 54 5 38 40 3 
2 19 61 8 18 47 3 
34 13 65 11 12 50 4 
Brothers who smoke 
0 80 50 3 82 35 2 
1 14 72 13 12 61 5 
2 4 80 16 4 68 9 
3+ 2 80 35 2 64 5 
No brothers 32 48 4 31 32 1 
At least one brother, all nonsmokers 48 51 3 51 37 2 
At least one brother, 
at least one of whom smokes 20 74 16 18 63 6 
No. of sisters 
0 33 49 4 32 36 2 
1 38 53 3 37 39 2 
2 17 61 8 18 46 2 
3+ 12 68 12 13 45 4 
Sisters who smoke 
0 84 51 4 85 35 2 
1 12 72 13 10 63 6 
2 3 84 19 4 68 8 
3+ 1 77 26 1 76 16 
No sisters 33 49 4 32 36 2 
At least one sister, all nonsmokers 52 52 4 53 35 1 
At least one sister, 
at least one of whom smokes 16 75 15 15 65 7 


2 a, 


erence between children with no siblings and children there were few children for whom smoking by siblings 
with siblings who did not smoke. only was an influence. Although the effect of a sib- 

If parents affect the child's smoking, it may be that ling who smoked was greater than that of a parent 
the smoking by siblings will be similarly affected. 15% | who smoked, the sibling who smoked is seldom pres- 
of children with nonsmoking parents reported atleast ent to produce this effect when neither parent smokes. 
one sibling who was a smoker, whereas when one or When both a sibling and a parent were smokers, 16% 
both of the parents smoked 31 % of children reported of boys and 6% of girls were smokers, compared to 1% 
a sibling who was a smoker. Thus we would expectan and 0-675 when neither parents nor siblings smoked. 
association between child’s and siblings’ smoking due When children were asked how many of their 
to the effect of the parents. The effect of parents and friends smoked cigarettes, over 80% of boys and 
siblings both smoking is shown in Table 6. The effect girls said that few or none of their friends smoked, 
of siblings’ smoking on both trying smoking and but children were more likely to have tried smoking 
regular smoking by the children was great, whether or if they had more friends who smoked. For example, 
not the parents smoked. However, only 5% of all of those boys who said all or most of their school- 
children reported a sibling who smoked when friends smoked, 84% had tried cigarettes; whereas 
neither parent did, compared to 22% of all children of those boys who said few of their schoolfriends 
with both a sibling and a parent who smoked; so smoked, 51% had tried cigarettes. More boys than 


Table 6 Relationship between parents’ smoking, siblings’ smoking, and the child's smoking 


2 ——— ————— ÁPFFPFPFFFFFFFPFFFFP 











Boys’ own smoking Girls’ own smoking 
95 who 95 who 95 who 95 who 

Parents! smoking Siblings’ smoking n ever tried regularly smoke n ever tried regularly smoke 
Neither smoke No sibs who smoke 699 37 1-0 813 25 0: 

At least one sib who smokes 149 73 10-1 120 51 5.0 
One or both who smoke No sibs who smoke 1344 52 3.6 1435 37 1-7 

At least one sib who smokes 653 74 15-5 617 64 6-3 
Total 2845 54 6-0 2985 40 2.5 


———————HÁ——————— Á——— — — 'Ó—— r— ———————R^ 
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girls who said none of their friends smoked had 
tried cigarettes. 


Out-of-school activities, money, and part-time jobs. 
The frequencies of participation in spare-time activi- 
ties are given in Table 7. The best predictor of 
smoking and experimenting with cigarettes for 
both boys and girls was attending a youth club. 
Other predictors were going around with a group of 
their own age, and dancing, though few boys did the 
latter. The people with whom these out-of-school 
activities were shared also differentiated the smokers 
(Table 8), the most commonly reported being ‘a 
friend’, for both boys and girls. For boys, this was 
followed by ‘a group of boys’ and then ‘parents’; 
for girls ‘parents’ followed by ‘a group of girls’. 
Least common, and the best predictor of smoking 
were ‘a group of girls’ for boys, and ‘a group of boys’ 
for girls. The other good predictors for boys and 
girls were ‘a boy- or girl-friend’, and ‘a group of boys 
and girls’. Thus, spending one’s time with a peer 
group including the opposite sex was by far the 
highest risk factor. 

Those children who spent more time doing home- 
work had a lower risk of smoking, and conversely 


those who went out 5 or more evenings a week had 
an increased risk of smoking. Children who spent 
more than 50p a week had an increased risk of being 
smokers and of having tried cigarettes: this risk was 
greater for those who spent more than £1. Those who 
saved more than £1 were also more likely to be 
smokers than those who saved between 1 p and £l. 
However, those who saved nothing also had an 
increased risk of smoking. The distribution of total 
disposable income by smoking habits is given in 
Table 9. There was a weak association between 
regular smoking and an income of nil, and a stronger 
association between regular smoking and an income 
of over £1 for both boys and girls. 44% of boys and 
38 % of girls had weekly incomes of over 50p. Taking 
a part-time job outside school was associated with 
increased risk of smoking. 


Truancy. Children were asked whether they played 
truant 'never', *once or twice', 'sometimes', *often'. 
Although only 2% of boys said they often played 
truant from school, 91 ?7 of these had tried smoking, 
as opposed to 82% of boys who said they never 
played truant, of whom 49% had tried smoking. 
The same association was found in the girls, and 


Table 7 Spare time activities 
Girls 


Boys 


———————————————— 





% marking 90 96 % marking 96 95 

YES to item ever tried regular smokers YES to item ever tried regular smokers 
Sports & games 75 53 5 51 39 2 
Cinema 26 63 7 18 49 4 
Scouts or boys brigade 15 57 4 0 — — 
Guides or girls brigade 0 — — 18 35 2 
Music, hobby 46 54 5 36 37 2 
Dancing 4 75 11 22 46 4 
Go with group of own age 43 65 10 38 56 5 
TV or records 74 54 5 78 39 2 
Mess around 57 60 8 45 49 4 
Youth club 19 71 12 20 57 6 
Read 38 47 3 34 33 1 
Help out at home house or farm 45 52 5 62 37 2 
Total 100 55 6 100 40 2 


Table 8 With whom spare time is spent 


Boys Girls 
aaa 


aaa 


% marking % 

YES to item ever tried 
Group of boys 47 60 
Group of girls 3 79 
Boy- or girl-friend 14 73 
A friend 53 53 
Group of boys and girls 12 72 
Parents 23 44 
On my own 15 48 
Don't go out much 8 46 


Total 100 55 


% % marking % % 

regular smokers YES to item ever tried regular smokers . 
8 6 71 13 

23 27 48 4 
13 13 62 8 
4 59 40 2 
14 19 62 7 
3 31 27 1 
3 15 32 3 
2 15 32 I 
6 


B 
è 


ls 
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Table 9 Smoking by total disposable income|week 


poA... COGO ULLL!LLLLGDGLLBASEIUGLILLLILLLLLLCEGLLLLLLLtLLGZÁÁL.LLAILLLLULLLUUÁCIIISDGÓDOPIPPILEPEDIINDCIDOÓIZIÓEIIEBRTSIZÉE]CTIECTÉCETECCCTTCTTTIPIICTIÉETCTTTCCPIITIDICLCCIELITEICEELEELTTTTIITDTOLBTLTDIINZLZILIIDD]Dnh1Dnhónnll]q4NlÓ4141OOD01)SSÀEZZEXIILILAOAULLDLDDDDDD7OMLAMOSÓOSZE..ZOEOUTIAOumUn27077G!Á)!/1nà;)ócoÓ 








Boys Girls 
% % % % % % 
Income (p) giving answer ever tried regular smokers giving answer ever tried regular smokers 
0 3 55 7 3 34 4 
1-10 2 41 5 3 27 0 
11-50 44 50 4 50 34 1 
51-100 24 55 4 24 44 3 
100+ 27 65 11 20 52 5 


-a 


responses to ‘playing truant often’ was the best 
single predictor of smoking for both boys and girls 
in the questionnaire. 


. Discussion 


Since prevalence studies of smoking in adolescents 
in the UK have been done on different populations 
at different times, comparison of findings is difficult 
and often speculative. Bewley et al. (1973) give a table 
of comparative prevalence rates in which they 
define a smoker as a child smoking 1 or more 
cigarettes a week. The results of our study show that 
6% of boys and 2:37; of girls aged 11—12 years fall 
into this category. For boys this figure is comparable 
to previous findings. For example, Bothwell (1959) 
found 17% of 11-year-old boys smoking, whereas 
Bynner (1969) found only 4% of the same age group 
to be smoking. Bewley and Bland (1976) found 7:6% 
of a sample of 10- to 124-year-old boys in Kent were 
smoking. There is no significant time trend in the 
prevalence figures quoted by Bewley er al. (1973), but 
nevertheless interpretation of this would be hazard- 
ous since different populations were sampled (the 
national sample of Bynner (1969) as compared with 
the regional sample of Bothwell (1959)). For the 
11- to 12-year-old girls, the smoking prevalence rates 
have changed little over time and between different 
populations. We found 2:4% to be smoking 1 or 
more cigarettes per week. The comparable figures 
from earlier work are 2-4% (Bothwell, 1959), 
2-6% (Holland and Elliott, 1968), 1% (Todd, 1969), 
and 2:3% and 2:6% in two populations (Bewley and 
Bland, 1976). Although the same problems of sam- 
pling, methods of data collection, and year of study 
apply here, there nevertheless is greater uniformity 
between estimates of smoking among 11- to 12-year- 
old girls than between estimates of boys smoking at 
this age. 

King (1973) and Hargreaves (1967) have reported 
on the influence of the school environment upon 
pupil behaviour. The school characteristics measured 
in this study were chosen after consideration of the 
work of these authors and so we expected that some 
of these characteristics would be associated with 


smoking prevalence rates. The finding that none of 
these characteristics was associated with smoking 
may be explained by the following points. Firstly, 
the children had been at the schools for less than a 
year and any profound effect that the school had 
upon their behaviour may not yet have made itself 
felt. Secondly, smoking prevalence rates in the final 
year of primary school (Bewley and Bland, 1976) 
were very similar to those of the first year of secon- 
dary school (7:0% boys, 2:3% girls in primary 
school; 7:6% boys, 2-3% girls in secondary school; 
both estimates from a study in Kent), which means 
that for this small percentage of children who start 
smoking early influences are probably brought to 
bear before they reach secondary school. 

The higher rates of smoking in secondary modern 
schools confirm the findings of Chave and Schilling 
(1959), Holland e: al. (1969), and Bewley and Bland 
(1976). Since smoking prevalence rates of final year 
primary and first year secondary schoolchildren are 
similar, it appears that fewer of the smokers are 
selected at 11 years for grammar schools, and more 
of the children entering secondary modern schools 
had already started smoking. 

Wohlford (1970) reported that male smokers 
generally identified with their fathers' smoking 
patterns (intact families) while ‘mother and daughter 
smoking patterns remained enigmatic'. Our results 
confirm the association between the smoking of 
fathers and sons (Bewley et al., 1974) but they also 
show a similar association between mothers and 
daughters and between mothers and sons, which was 
also found by Bewley and Bland (1977). However, the 
influences of mother and father did not differ as 
much in the present study as in this earlier work. 
Furthermore, the relationship between the smoking 
patterns of parents, siblings, and the index children 
is now clarified: irrespective of parents’ smoking, 
whether or not siblings smoked had a great influence 
on whether the index child smoked. Bynner (1969), in 
a survey of 11- to 15-year-old boys, found no associa- 
tion between parental and child smoking. Parental 
smoking may have a stronger influence in the younger 
age groups, which was clearly shown in our study, to 
be replaced by influences such as the peer group, as 
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the child grows older. Further results from this 
longitudinal study should clarify this. 

Carr (1963) suggested that the higher prevalence 
of smoking among inner city boys may be explained 
by the fact that part-time work is more available in 
the city centre, and the boys could consequently 
supplement their pocket money. The hypothesis has 
not been investigated further, but our results indicate 
that children who spend more money are more 
likely to smoke, as are children who take part-time 
jobs, and that either saving more than £1 per week 
or saving nothing was associated with an increased 
risk of smoking. Total disposable income was related 
to smoking in the same way. Those with more money 
were clearly more able to buy cigarettes, although 
those with no money had a slightly increased risk of 
smoking. Since cigarette consumption at this age is 
low, it is likely that cigarettes are passed around 
among friends. 

Our results show that participation in out-of- 
school activities is associated with smoking. Spend- 
ing more evenings out, rather than doing homework, 
with a mixed-sex peer group, at a youth club, or 
dancing, are all related to an increased risk of smok- 
ing. As Sugarman (1967) suggested, a teenage culture 
exists outside of school which influences adolescent 
behaviour just as the school values also exert an 
influence. Part of this teenage culture indicates a 
rejection of the school, showing itself as truancy. Our 
results suggest that even at the age of 11—12 years 
these identifiable social forces have an influence on 
whether children begin to smoke or not. Perhaps the 
children most at risk of smoking are those who are 
immersed in the teenage out-of-school activities and 
who are, potentially, the hardest to reach using 
school-based health education. 
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Appendix— Questionnaire content 


(i) Prospective group 


The children completed a questionnaire under the 
supervision of a teacher and confidentiality was 
ensured by allowing each child to seal the completed 
questionnaire in an envelope before handing it in. 


e 
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Data linkage from year to year was achieved by using 
the name and date of birth of the children. The ques- 
tionnaire included items on: (a) age and sex; 
(b) smoking behaviour, enabling a classification by 
regularity of smoking and by consumption; (c) res- 
piratory symptoms; (d) behavioural aspects of 
smoking, i.e. with whom the child smoked and why; 
(e) smoking habits of parents, siblings, and peer 
groups; (f) aspects of social behaviour, e.g. out-of- 
school activities, part-time employment, sports, and 
affiliation to clubs and societies ; (g) attitudes towards 
smokers and smoking in general, the health dangers 
of smoking, aspects of the home environment, peer 
group influences. 


(ii) Parents of prospective group children 

In 1974 the parents’ questionnaire included items on: 
(a) respiratory symptoms of index child; (b) history 
of child’s respiratory illness; (c) assessment by 
parent of health status of child; (d) family structure; 
(e) smoking habits of parents and other members of 
household; (f) social class (Registrar-General’s 
classification by occupation); (g) attitudinal data, 
both towards smoking and issues concerning child- 
ren’s behaviour. 


(iii) Teachers’ questionnaire 

A short anonymous questionnaire recorded the age, 
sex, smoking habits, and length of employment at 
the school. 


(iv) Secular trend group 


The children completed a shortened version of the 
prospective group questionnaire, on smoking habits 
and respiratory symptoms only. 


(v) School characteristics 


In addition to questionnaire data from individuals. 
certain items of information about the schools have 
been recorded: (a) type of school (grammar, com- 
prehensive, secondary modern, middle); (b) size 
(small <400 pupils, medium 401-600, large 601—1000. 
very large >1000); (c) catchment area (mainly 
urban, suburban, mainly rural, mixed, mining); 
(d) method of class formation (streaming by ability, 
nonstreaming, grouped according to subject sets); 
(e) health education (whether the study year children 
have health education; if so, what kind it is); (f) staff 
turnover (ratio of staff leaving to staff remaining per 
year); (g) delinquency (number of first court 
appearances per 100 pupils per year); (h) per cent 
attendance rates; (i) per cent free school meals; 
(j) smoking by headteacher; (k) school disciplinary 
policy on smoking; (I) number entered for public 
examinations. 


Copies of the questionnaires can be obtained from 
the authors. 
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Cows’ milk protein-sensitive enteropathy 


Combined clinical and histological criteria for diagnosis 
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From the Departments of Paediatrics, Pathology, and Immunology and Genetics, University of Malaya 


SUMMARY Cows’ milk protein enteropathy is recognised as a significant cause of persistent diarrhoea 
and malabsorption in young infants, but there are as yet no generally accepted diagnostic criteria. A 
combined clinical and histological approach to the diagnosis of cows’ milk protein-sensitive entero- 
pathy has been used in 15 patients, and the following set of criteria are proposed. (1) Clinical disease 
(diarrhoea with or without vomiting) while receiving cows’ milk protein. (2) Clinical improvement on 
a diet free of cows’ milk protein. (3) Normal or mildly abnormal histology of jejunal mucosa when 
taken 6-8 weeks after symptoms subside. (4) Histological relapse, with or without clinical relapse, 


after re-exposure to cows’ milk protein. 


Intolerance to cows’ milk protein has been reported 
in recent years as a cause of persistent diarrhoea and 
failure to thrive in Caucasian infants (Goldman etal., 
1963; Gryboski, 1967; Freier et al., 1968; Kuitunen 
et al., 1975). Diagnosis has hitherto been based on 
certain clinical criteria described by Goldman ef al. 
(1963). (1) The development of symptoms which 
subside after dietary elimination of milk. (2) Symp- 
toms which recur within 48 hours of milk challenge. 
(3) Reactions to three such challenges should be 
positive and have a similar onset, duration, and 
clinical features. 

These criteria, while basically sound, are frequently 
impractical and we believe lead to underdiagnosis. 
Recently other criteria have been suggested, the 
emphasis being placed on the demonstration of 
intestinal mucosal damage by the toxic effect of 
cows' milk protein rather than on clinical observa- 
tions (Walker-Smith, 1975; Shiner er al., 1975a, b). 
We have used both a clinical and histological 
approach to the diagnosis of cows' milk protein 
intolerance in a prospective study. 


Material and methods 


Fifteen infants with diarrhoea clinically suspected to 
be due to intolerance to cows' milk protein were 
included in the study. Treatment initially involved 
elimination of cows' milk and substitution of a 
formula free of cows' milk (soy protein based, 
Pregestimil, or breast milk). When a satisfactory 
response was obtained, assessed clinically by lack of 
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symptoms and satisfactory weight gain, the infant 
was discharged and the parents instructed not to 
introduce any new food item without our knowledge. 
6 to 8 weeks later the infant was readmitted for 
further study. The following studies were performed. 


Low-lactose cows’ milk provocation test. In the 
majority of the infants Al 110 (Nestle)* was used. 
In this test an initial feeding of 5 ml was offered. If no 
reaction occurred, the volume was doubled hourly 
for the first 4 hours and subsequently 3-hourly until 
total daily fluid requirements were met. 


Jejunal biopsy. The proximal jejunal biopsy specimen 
taken with the Watson paediatric capsule at or just 
distal to the duodenojejunal junction was examined 
under a dissecting microscope. Thereafter the speci- 
men was divided into three portions, one fixed in 
glutaraldehyde for light and electron microscope 
studies, a second for enzyme determinations, and a 
third portion for immunofluorescence studies. In 
addition a mucosal imprint was done to detect 
Giardia lamblia by the method of Kamath and 
Murugasu (1974). The following jejunal biopsies were 
performed: (a) prechallenge; (b) postprovocation; 
this was performed 24 hours after the introduction of 
cows' milk irrespective of the presence or absence of. 
symptoms. 

Jejunal biopsy appearances were classified using 
four parameters: (a) villous morphology on dissect- 
ing microscope; (b) villous/crypt height ratio; 
(c) epithelial cells; (d) cellular infiltration. 

The severity of mucosal changes was scored 


*Protein fraction consists of casein, lactose content 0:07 yA 
at normal reconstitution. 
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(method modified from Townley et al., 1965). With 
regard to dissecting microscope appearances, a 
pattern of leaves was accepted as normal and scored 
0; broad leaves 1, ridges 2, convolutions 3, and flat 
mucosa 4. A villous/crypt height ratio of 3:1 or more 
was accepted as normal (score 0). A ratio of 2:1 
scored 2 points, 1:1, 4 points, and a reversed ratio, 
6 points. The height of villous epithelial cells (over 
the upper third of the villi) was compared with crypt 
cells (in the bases of the crypt). A normal mucosa is 
characterised by villous cells that are taller than 
crypt cells (score 0). Mucosal damage resulting in 
villous cells being of the same height as crypt cells 
was scored as 1 and, a reversal of this ratio obtained 
a score of 2. Cellular infiltration of the lamina propria 
was subjectively graded as normal, mild, moderate, 
and severe, and was scored respectively as 0, 1, 2, and 
3. The scores were weighted according to the 
generally recognised importance of the parameters 
and the ease with which changes can be recognised. 
On the basis of this classification biopsies have been 
assessed as normal (score — 3), mildly abnormal (4-7), 
moderately abnormal (8-11), and severely abnormal 
(11). 


Other investigations. Hb, total and differential white 
cell count, before and after the reintroduction of 
cows' milk. Determination of serum complement 
(C3 and C4), serum immunoglobulins IgA, IgG, 
IgM, and IgE at 0, 14, 4, 12, and 24 hours after cows’ 
milk challenge. Determination of complement and 
immunoglobulins in duodenal juice before and 24 
hours after milk challenge. In those infants who 
developed diarrhoea after cows' milk challenge 
attempts were made to isolate parasitic, bacterial, 
and viral pathogens from the stools by culture, and 
by examination of stools under the light and electron 
microscope. Testing of stools (if diarrhoea occurred) 
by the Clinitest method to detect secondary sugar 
intolerance. 


Results 


Fifteen infants clinically suspected of having cows' 
milk protein intolerance were studied between 
November 1975 and October 1976. In 4 infants no 
significant alteration was noted in the jejunal 
mucosa 24 hours after challenge with cows' milk. 
These 4 infants continue to thrive well on cows' milk 
formula. 

The clinical details of the 11 patients in whom 
significant changes were noted in the jejunal mucosa 
after challenge with cows' milk are summarised in 
Table 1. The 11 infants, 10 Chinese and one Indian, 
were all under 3 months of age at admission. 8 were 
under 2 weeks of age when they first contracted 
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diarrhoea. The average duration of diarrhoea before 
admission to our hospital was 3:5 weeks (range 1-6 
weeks) Total intravenous hyperalimentation for 
prolonged periods was needed in 4 infants before 
diarrhoea settled and oral feeds were tolerated. The 
clinical, histological, haematological, and serum 
complement data before and after provocation with 
cows’ milk are summarised in Tables 2-4. Figs. 1 and 
2 show the normal and abnormal histological 
appearances of the jejunal mucosa taken before and 
24 hours after challenge with cows' milk in Case 3. 


Discussion 


The criteria of Goldman er al. (1963) are sound but 
are frequently not practical, as many mothers refuse 
to accept the frequent milk challenges required. 
Moreover, reactions so produced may be extremely 
serious and even life threatening. For these reasons 
many clinicians have modified Goldman's criteria 
and accept one positive challenge as diagnostic of 
cows! milk protein intolerance. This has tended to 
result in undue parental concern, misdiagnosis, and 
frequently a financial burden to parents who are 
unable to afford the special formulae. We disagree 
with this latter approach as it is difficult to interpret 
the results of a single positive milk challenge. In 
addition, the possibility of an intercurrent bowel 
infection producing the symptoms cannot be 
excluded. To compound the difficulty, some workers 
(Kuitunen et al., 1975) have shown that it may take 
up to a month in some infants exposed to cows' milk 
protein to develop the typical gastrointestinal 
symptoms of malabsorption. There are also diffi- 
culties in differentiating cows' milk protein entero- 
pathy from secondary sugar intolerance by response 
to elimination diets alone (Liu et al., 1967; McNeish 
1974). 

Walker-Smith (1975) has suggested that sensitivity 
of the infant’s small intestinal mucosa to cows’ milk 
may be shown by using serial biopsies in addition toa 
single milk challenge. The studies of Shiner et al. 
(1975a,b) have shown that routine light microscopy of 
the pre- and postchallenge jejunal biopsies may be 
helpful in diagnosis. A combined clinical and histo- 
logical approach seems to provide the best means to 
diagnosis, and the following set of criteria for the 
diagnosis of cows’ milk protein intolerance are 
proposed. (1) Clinical disease (diarrhoea with or 
without vomiting) while receiving cows’ milk protein. 
(2) Clinical improvement on a diet free of cows’ milk 
protein. (3) Normal or mildly abnormal histology of 
jejunal mucosa when taken 6-8 weeks after symptoms 
subside. (4) Histological relapse with or without 
clinical relapse after re-exposure to cows' mi 
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Table 2 Onset and nature of clinical relapse and mucosal changes after provocation with cows’ milk protein 





Case no. Interval between provocation Nature of clinical relapse Postchallenge (24 hours) 
and clinical relapse Jejunal biopsy* 
1 14d Diarrhoea, erythematous rash, Moderately abnormal (7-5) 
rhinorrhoea, cough 
2 4d Diarrhoea Moderately abnormal (10) 
3 ih Vomiting, fever, lethargy, diarrhoea Severely abnormal (13) 
4 2w Erythematous rash, persistent Moderately abnormal (9) 
rhinorrhoea 
5 No symptoms up to 5 w after challenge — Moderately abnormal (11) 
6 3d Diarrhoea Moderately abnormal (9) 
7 2d Diarrhoea Severely abnormal (12) 
8 No symptoms up to 1 w after challenge — Moderately abnormal (10) 
9 No symptoms up to 2 w after challenge — Moderately abnormal (9-5) 
10 No symptoms up to 4 w after challenge -— Moderately abnormal (8) 
11 2h Vomiting, fever, lethargy, diarrhoea Severely abnormal (13) 





*Numbers in parentheses denote score: normal — 3; mild abnormality 4-7; moderate abnormality 8-11; severe abnormality >11. 
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Fig. | Case 3. Normal histological appearance of jejunal 
mucosal biopsy taken immediately before challenge. 

(H & E x50.) 
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Fig. 2 Case 3. Severe histological abnormalities in 
biopsy taken 20 hours after provocation with cows! milk 
protein. (H & E x 50.) 


by the European Society for Paediatric Gastro- 
enterology (Meeuwisse, 1970) for the diagnosis of 
.gluten enteropathy. 

The 11 cases studied fulfil all of the criteria. The 
postprovocation biopsies in all showed obvious 
changes in mucosal pattern when compared to the 
prechallenge biopsies. For technical reasons biopsies 
on 2 infants were not performed until 5 days and 18 
days after the reintroduction of cows’ milk when 
these infants developed symptoms. In 9 infants the 
postprovocation biopsies were performed 24 hours 


after introduction of cows' milk. Of the latter 9 
infants, 5 developed symptoms at 4, 2, 48, 72 hours, 
and 2 weeks respectively after introduction of cows' 
milk. The 4 remaining infants have not yet developed 
symptoms. 

On the basis of Goldman's criteria (Goldman et al., 
1963) which specifies that symptoms should appear 
within 48 hours of challenge, only 3 of our cases 
would be regarded as suffering from cows' milk 
protein intolerance. We believe, however, that cows' 
milk protein intolerance is a spectrum of varying 
degree. The appearance and the severity of the symp- 
toms are determined by the severity and extent of 
mucosal damage and the lactose content of the milk 
used in the provocation test. Similar observations 
have been made in patients with gluten enteropathy 
(MacDonald et al., 1965). There is no doubt that 
in Cases 1 and 2 because of the long time 
relationships between reintroduction of cows’ 
milk protein, the development of symptoms, and 
repeat biopsy, it could be argued that the mucosal 
changes are the result of some other factors, e.g. 
intercurrent infection. While such a possibility 
cannot be discounted, it is most unlikely as parasites, 
bacteria, and viruses were looked for and not found. 

The jejunal mucosa of ‘normal’ inhabitants from 
tropical areas when compared to those of Caucasians 
from temperate zones may appear mildly abnormal 
(Creamer, 1974), and this has been attributed to a 
‘non-specific tropical enteropathy’. Clearly this pos- 
sibility could not be excluded entirely. We find, how- 
ever, the jejunal mucosal appearances of normal 
Malaysian infants under 6 months of age very similar 
to those of their Caucasian counterparts. 

The protein content of Al 110 is only purified 
casein. Of the 5 major protein fractions in cows’ 
milk, 8-lactoglobulin has been shown to be more 
often responsible for the manifestations of cows' 
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Table 4  Eosinophilia (absolute count 10°/l) and serum complement levels (mg/100ml) before and 24 hours after 


challenge with cows’ milk in 11 patients 


SSS 








Prechallenge Postchallenge 
Case no. Eosinophils Complement (C3) Complement (C4) Eosinophils Complement (C3) Complement (C4) 
1 Nil 100 58 0-186 68 25 
2 Nil 142 24:6 0-628 134 12-4 
3 0-034 63 31-4 Nil 63 31:4 
4 1.0 84 87-4 0-316 76 79-6 
5 0:072 76 53-5 Nil 76 59 
6 0-43 54 19 0-157 56 21 
7 0-138 96 87.4 0-588 70 78 
8 — 66 44 — 66 42-5 
9 0-19 58 26-6 0:377 S8 20-4 
10 0-096 82 42 0-3 84 42 
11 0-505 72 67-6 Nil 67 67:6 
 — RI RE 


milk protein intolerance (Bleumink and Young, 
1968; Freier et al., 1969). Goldman et al. (1963) 
studied 45 infants with proved cows' milk protein 
sensitivity and showed that in infants suffering from 
anaphylaxis, diarrhoea, or vomiting, £-lactoglobulin 
was not more frequently toxic than the other milk 
proteins tested. Visakorpi and Immonen (1967) 
showed that 3 of 4 patients each reacted to casein and 
B-lactoglobulin. The response of our patients to 
casein appears similar to those studied by Goldman 
et al. 

Eosinophilia and/or changes in complement levels, 
although occurring in some cases, was not seen in all. 
In addition, the demonstration of increased type- 
specific immunocytes (IgA, IgG, IgM, IgE) in the 
postchallenge jejunal mucosa by immunofluorescence 
studies was very variable (the immunological studies 
will be reported in full) These results could be 
consistent with different immunological responses in 
different patients, or in the same patient at different 
times. 

It is at present unclear just when the postchallenge 
biopsy should be performed. Our view is that when 
it is done 24 hours after challenge, changes are very 
likely to occur, as all cases biopsied at 24 hours in 
this series were abnormal. However, it would be 
necessary to study a larger number of infants in order 
to predict that changes will invariably occur at 24 
hours in all cases of cows' milk protein enteropathy. 

Despite biopsy changes, 3 infants did not develop 
symptoms until several days later and 4 infants have 
not yet developed symptoms. The latter are making 
satisfactory clinical progress on a cows' milk formula. 
This has important implications for management and 
we would suggest the following approach. (a) Infants 
with postchallenge biopsy changes and symptoms 
indicate exclusion of cows' milk protein from the 
diet. (b) Infants with biopsy changes without 
symptoms may be managed with a cows' milk 
formula, but will need careful follow-up and the 
exclusion of cows’ milk protein should gastro- 


intestinal or any other allergic symptoms appear 
within a reasonable time after provocation, e.g. —3 
months. 

It could be argued that continuing cows' milk feeds 
in infants with mucosal abnormality but without 
symptoms may be unwise, as continued antigen 
challenge in the presence of an abnormal intestinal 
mucosa could place the child at risk to further 
allergic disease, but at present there is no firm 
evidence to support this view. 


We thank the nursing staff for co-operation, Mr P. 
Thirukumar for laboratory assistance, and Professors 
C. M. Anderson and A. S. McNeish for suggestions 
and criticisms. 
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Fetal growth in different racial groups 


J. ALVEAR* AND O. G. BROOKE 


From the Department of Paediatrics, St. Mary's Hospital, Harrow Road, and Department of Child Health, 


St. George’s Hospital, London 


SUMMARY Three racial groups of mothers and their newborn babies—North European 75, Negro 
75, and ‘Indian’ Asian 37—-were matched for parity, gestational age, sex, maternal age, maternal 
smoking habits, and social class. Multiple anthropometric measurements, including skinfold thick- 
ness, limb circumferences, and various linear measurements were made on the mothers and their 
infants to determine the effects of race and smoking on fetal size. Indian-Asian mothers, though 
shorter and lighter than Europeans and Negroes, had similar skinfold thickness and weight : height? 
ratios and gained as much weight during pregnancy. Their infants, however, were lighter than the 
others, and had smaller head and limb circumferences, although their linear measurements were the 
same. Negro and European infants were almost identical in size. We found no effect on any of the 
fetal measurements which could be attributed to smoking. 


The wide variation in birthweight of term babies is 
well known. Some of this variation has been accoun- 
ted for by specific factors such as maternal under- 
nutrition (Smith, 1947), smoking (Butler et al., 1972), 
social deprivation (Drillien, 1957), and congenital 
abnormalities of one sort or another. However, much 
of the variation is probably genetically determined 
(Donald, 1939; Eveleth and Tanner, 1976) although 
the importance of ethnic influences remains con- 
troversial (Habicht et al., 1974; Farquharson, 1976). 
Ashcroft’s data from the West Indies (Ashcroft 
et al., 1968) suggest that there is ethnic variation in 
physical growth, and he has pointed out that this is 
important in assessing nutritional status (Ashcroft, 
1972). Other authors have noted ethnic differences in 
skinfold thickness (Robson, 1964; Malina, 1966) 
although these are not generally taken into account 
in published standards. 

Differences in birthweight which are apparently 
due to racial differences may really be the result of 
variations in maternal nutrition or other environ- 
mental factors, but we lack anthropometric studies 
of newborn infants in racially mixed but socially 
homogeneous communities. We now pay a great 
deal of attention to fetal growth, since growth re- 
tardation puts the fetus at risk of impaired develop- 
ment (Drillien, 1970; Dobbing, 1974) but we cannot 
precisely identify the undergrown neonate in a mixed 
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community. This is particularly true of Indian babies, 
who tend to be smaller than their English or African 
peers (Roberts et al., 1973). 

In an attempt to determine whether there are 
important differences in neonatal size in the three 
main racial groups of the British Isles (North 
Europeans, Negroes, and Asians originating from 
the Indian subcontinent, whom we shall refer to as 
Indians) we have measured a cohort of infants born 
during one year in a hospital serving a predominantly 
low social class immigrant area of West London. The 
careful matching necessary to eliminate other in- 
fluences on fetal growth has also made it possible to 
have a fresh look at the effect of smoking on birth- 
weight and other measurements in the neonate. 


Patients and methods 


187 mothers and their babies fulfilled the matching 
criteria described below. There were 75 Europeans, 
75 Negroes, and 37 Asians. The Europeans were 
predominantly Irish, the Negroes came from Jamai- 
ca, Barbados, and Dominica, with a few from West 
Africa, and the Indians were immigrants from India, 
Pakistan, and Bangladesh, with a few from East 
Africa. 

All infants born after abnormal pregnancies were 
excluded from the study, as were immature (<37 
weeks’ gestation) or malformed infants. None of the 
mothers were hypertensive or had any other general 
disorder. 
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Matching criteria. Mothers and their infants in the 
three racial groups were matched in the following 
ways. (1) For maternal parity, up to gravida 3, after 
which the numbers were very small and were con- 
sidered together as ‘gravida 4+’. (2) For gestational 
age, to the nearest week. (3) For sex. (4) For maternal 
smoking habits—here the mothers were matched in 4 
groups: (a) nonsmokers; (b) <15 cigarettes/day 
during pregnancy; (c) 15-40 cigarettes/day during 
pregnancy; (d) >40 cigarettes/day during pregnancy. 
Information on smoking habits was obtained after 
the infant was measured. (5) For maternal age— 
precise matching was not practicable in the time 
available but as far as possible mother-infant pairs 
were matched for maternal age, and mean maternal 
age was not significantly different in the three racial 
groups. (6) For social class—all mothers were from 
social class 4 or 5 by husband's occupation. 


Maternal measurements. Maternal nutrition was 
judged by weight-height index (w|h?) at booking, 
weight gained during pregnancy, mid-upper arm 
circumference, and triceps fat-fold in the puerperium. 
Weights and heights were taken from clinic records. 
Mid-upper arm circumference was measured with a 
fibreglass tape to the last completed mm (Jelliffe, 
1966). Triceps fat-fold was measured with a Har- 
penden caliper to the last completed 0-1 mm (Tanner 
and Whitehouse, 1975). No attempt was made to 
assess maternal nutrient intake during pregnancy by 
dietary histories because we thought these unreliable. 


Infant measurements. The following measurements 
were made on the infants within 24 hours of birth. 
(1) Weight to the nearest 10 g on a Marsden beam 
balance. (2) Crown-heel length, crown-rump length, 
and rump-heel length to the last completed mm 
(Tanner et al., 1966) on a horizontal stadiometer 
made in the department. (3) Elbow-wrist length, 
measured to the last completed mm from the ole- 
cranon to the dorsal surface of the fully flexed wrist, 
using a specially designed measuring board. (4) 
Knee-heel length, measured similarly from the heel 
to the upper surface of the knee in 90° of flexion. 
(5) Occipitofrontal head circumference to the nearest 
| mm. (6) Mid-upper arm circumference to the last 
completed mm (Jelliffe, 1966). (7) Maximum calf 
circumference to the last completed mm. (8) Biiliac 
circumference (at the level of the superior iliac spines) 
to the last completed mm. A fibreglass tape was used 
for all circumferential measurements. (9) Triceps, 
subscapular, and periumbilical skinfold thickness, 
measured to the last completed 0-1 mm using a 
Harpenden caliper. Triceps and subscapular skin- 
folds were measured at the sites described by Tanner 


and Whitehouse (1975). Periumbilical skinfold was 
measured by applying the calipers to a fold of skin 
lifted from the anterior abdominal wall about 1 cm 
below and to the left of the umbilicus. In all skinfold 
measurements the reading finally recorded was that 
obtained when there was no further compression of 
the fold by the caliper (in other words when the 
needle stopped moving). Three measurements were 
taken at each site. 


Results 


Data on the mothers. 


Nutrition (Table 1). The Indian mothers were shorter 
and lighter than the Europeans and Negroes, but 
their daily weight gain was the same. The Negro 
women were heavier at booking than the Indians and 
Europeans, but gained less weight during pregnancy. 
There were no significant differences in weight/height? 
ratio, triceps skinfold thickness, and mid-upper arm 
circumference between any of the racial groups. All 
the mothers remained well during pregnancy and the 
data do not suggest any important differences in 
nutrition during this time. 


Table 1 Anthropometric data on mothers in three racial 
groups (with standard deviations) 





Negroes Europeans Indian Asians 
(n—75) (n=75) (n = 37) 
Height (m) 1-64 1:62 t=49 1-57 
(0-07) (0-06) P —0-001 (0-05) 
Weight at 63-7 t-2.0 59-4 t=2-:2 55:5 
booking (kg) (16:3) P—0-05 (8-6) P—0-05 (9-1) 
Weight at term (kg) 72-5 70-2 t=3:3 64-2 
(16-3) (8:4) P<0-01 (9-5) 
Weight-height index — 23:4 22-9 22:5 
(w/h?) at booking (4-5) (2-5) (3-1) 
Weight gain/ day (g) 53-0 62-8 57.8 
(17:1) (22-9) (22-4) 
Triceps skinfold (mm) 16:6 16-2 18-6 
(6:7) (5-0) (6:7) 
Mid-upper arm 25.9 25:2 24-6 
circumference (cm) (3-4) (2:1) (4-0) 





Parity. Average parity was 1-7 in each of the three 
racial groups. 


Maternal age. It proved impossible to match mater- 
nal ages precisely but there were no significant 
differences in the mean age of the mothers in thé 
three groups: Europeans 25-3 years (SD 5-1), Ne- 
groes 23: 6 years (SD 5-9), Asians 25-4 years (SD 5:6). 


Gestational age. Matching ensured no difference in 
gestational age in the three groups: Europeans 
39-7 weeks (SD 0:9), Negroes 39-6 weeks (SD 1-0), 
Asians 39-5 weeks (SD 1-0). 


Social class. The social class 4/5 ratio was 1:9:1 for 
the Europeans, 1:3:1 for the Negroes, and 4:3:1 for 
the Asians. 


Smoking habits. European mothers smoked more 
than the Negroes. The Asian women did not smoke 
at all. Very few Negro women smoked heavily, but 
of the European smokers 8% smoked more than 40 
cigarettes/day and 56 7; smoked 15-40 cigarettes/day. 


Data on the infants (Table 2). 


Europeans vs Negro. There were no significant diff- 
erences in any of the measurements except in biiliac 
circumference, which was smaller in the Negroes 
(P—0-05), and triceps skinfold, which was larger 
(P — 0-001). 


Europeans vs Asian. The Asian infants were lighter 
(P<0-01); they had smaller weight-length* ratio 
(P<0-01); they had smaller heads (P —0-001); and 
their arm and leg circumferences were smaller 
(P—0-05 and — 0-01 respectively). The triceps skin- 
fold of the Asian babies was significantly greater than 
that of the Europeans (P — 0-01), although there was 
no difference in the other measurements. Since their 
limb lengths were similar, the smaller limb circum- 
ferences of the Asian babies implies that they had 
less lean tissue than the Europeans. 


Negro vs Asian. In general we found the same 
differences between the Negro and Asian babies as 
we found between the Europeans and Asians. How- 
ever, the Negroes had greater triceps skinfold 
thickness than the Asians (P<0-001). 

There were no significant differences in any of the 
linear measurements between the three groups of 
infants. 


Effects of smoking. Although the numbers were small, 
the mothers were well enough matched for factors 
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known to be important in determining birth size for 
an assessment to be made of the effects of smoking 
on the anthropometric measurements in their babies. 
For this comparison the European and Negro groups 
were combined to give 106 smoking and nonsmoking 
pairs fully matched in the other ways already des- 
cribed. There were no significant differences in 
anthropometric measurements between infants in 
the various categories of maternal smoking (<15 
day, 15-40/day, >40/day), so we have compared the 
smokers’ babies as a group with their nonsmoking 
controls (Table 3). None of the measurements differed 
statistically between the two groups. 


Table 3 Anthropometric data on babies of smoking and 
nonsmoking mothers (with standard deviations) 





Smokers! babies Nonsmokers' babies 





Weight (kg) 3-259 (0-46) 3-272 (0-41) 
Crown-heel length (cm) 49:3 (2-2) 49-3 (1:8) 
Weight-length index (kg/m?) 13:7 (1-5) 13-6 (1:4) 
Head circumference (cm) 34.6 (1-4) 34.6 (1:3) 
Mid-upper arm circumference 

(cm) 10-5 (0-9) 10:6 (0-7) 
Triceps skinfold (mm) 4:9 (0-8) 5-1 (0:9) 
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Relationship between maternal and infant fatness. 
The Fig. shows the correlation of maternal and 
neonatal triceps skinfold thickness. No linear 
relationship is apparent among these sets of measure- 
ments. 


Discussion 


Although variations in human size are interesting to 
the anthropologist, their clinical importance lies in 
their relevance to nutrition. Since the assessment of 
growth and physical development relies almost 
entirely on the use of standard growth charts and 
tables, we must be sure that these are appropriate to 
the population under scrutiny. 


Table2  Anthropometric data on babies in three racial groups (with standard deviations) 


Negroes Europeans Indian Asians 

(n=75) (n=75) (n= 37) 
Weight (kg) 3:217 (0-42) 3:266 (0:43) t—2-9, P «0-01 2-988 (0-49) 
Crown-heel length (cm) 48-8 (2-0) 49-3 (1-6) 48-8 (1-8) 
Weight-length index (kg/m?) 13-7 (1:4) 13:9 (L5) t—3-:2, P «0-01 12:3 (1-7) 
Crown-rump length (cm) 32-0 (1-6) 32.2 (1:3) 31:5. (1:4) 
Rump-heel length (cm) 22:8 (4:1) 23-1 (1-1) 22.9 (1-0) 
Forearm length (cm) 8-4 (0:4) 8.3 (0-4) 8:3 (0:4) 
Lower leg length (cm) 12:3 (0-6) 12:3 (0-6) 12:3 (0-6) 
Head circumference (cm) 34-4 (1:2) 34-7 (1-3) t—3:9, P «0-001 358 (id-1) 
Mid-upper arm circumference (cm) 10:3 (0-4) 10:5 (0-8) t=2'3, P«0-05 10-1 (0-9) 
Maximum calf circumference (cm) 11-1 (0:8) 11:3 (0-7) t—3-6, P —0-01 10-7 (0:9) 
Biiliac circumference (cm) 25-6 (1-7) t—2:6, P 0-05 26:3 (1.6) 25-8 (2-5) 
Triceps skinfold (mm) 61 (1-1) t=11-2, P<0-001 4.3 (0-9) t—2-8, P<0-01 49 (1-1) 
Subscapular skinfold (mm) 4-5 (0-9) 4:6 (0:9) 4-5 (0-9) 
Periumbilical skinfold (mm) 4:0 (1:0) 41 (10) 4.0 (0-9) 
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Fig. Relationship between mother’s triceps skinfold and 
that of her infant in 65 mother-infant pairs. 


The Indian peoples of Britain are generally con- 
sidered to be shorter and lighter than the European 
and Negro populations, and the birthweight of their 
babies tends to be lower (Stroud, 1971: Arthurton, 
1972; Roberts ef al., 1973). Our study confirms these 
findings. Nevertheless, we continue to judge the 
growth of their children by European and North 
American standards, which may be inappropriate. 
One reason for this is the uncertainty about the 
reason for the smaller size of the Indians. If it is due 
to poor nutrition in the women, or to socioeconomic 
deprivation—and there is evidence to suggest that 
upper class Indians in India have a growth potential 
similar to Caucasians (Rosa and Tursham, 1970) — 
then the Western standards may be appropriate. 
If, however, the immigrant population are genetically 
small, or small because of the effects of poor nutri- 
tion several generations ago, we should have new 
standards with which to assess their growth. This is 
particularly important in determining fetal growth 
retardation, since undergrown neonates may have 
later developmental problems (Drillien, 1970), and 
we rely heavily on birthweight in relation to gesta- 
tional age in diagnosing the small-for-dates infant. 

Our data suggest that the energy intake of the 
Indian mothers in our study was adequate, since 
they were no thinner than the Negroes and Euro- 
peans, and their daily weight increase during preg- 
nancy was the same as the Europeans, contrary to a 
previous report (Shaper et al., 1969), and greater 
than that of the Negroes. Their babies also received 
adequate energy in utero, since their subcutaneous fat 
reserves were similar to those of the Negro and 
European infants, and linear growth was no different 


in the three groups of infants. Although it is possible 
that suboptimal intake of vitamins, trace elements, or 
minerals might have affected growth in the Indian 
babies, or conceivably that their mothers’ dietary 
protein was inadequate we think this is unlikely. 
None of the Indian mothers showed any clinical 
evidence of nutritional deficiency such as osteomala- 
cia, and most were nonvegetarian Muslims, whose 
diet is certainly as varied as that of West Indian 
women of similar social class. Even though a few 
of the Indians were vegetarian, it has been shown 
that strict vegetarians, who might be expected to 
develop nutritional deficiencies, remain healthy 
during pregnancy and have babies of normal weight 
(Thomas and Ellis, 1977). Indian women are known 
to have a diet which is relatively deficient in calcium 
by the third trimester (Matter and Wakefield, 1971), 
but their average daily calcium intake is still about 
14 times the total content of calcium in the neonatal 
skeleton, so this is unlikely to have affected growth 
in any way. 

The possibility that Indian infants are small 
because of malnutrition in previous forebears is 
difficult to disprove. There is evidence that under- 
nutrition in previous generations leaves its mark on 
their descendants, even though nutrition and living 
standards have improved (Ounsted and Ounsted, 
1973). This is the case among certain of the North 
American Indian tribes whose living standard was 
poor in previous centuries, and who remain under- 
sized in comparison with the descendants of better 
favoured tribes (Adams and Niswander, 1968). 
However, if it takes generations of improved nutri- 
tion before fetal size alters materially, the boundaries 
between environmental and racial influences on 
fetal growth become blurred and it is no longer 
important to differentiate between them; in either 
case special growth standards are necessary. 

We believe that genetic differences are the chief 
factor in the small size of Indian infants because, 
although it is undeniable that there is much under- 
nutrition in the Indian subcontinent, malnutrition 
has been equally prevalent in the West Indies, whence 
most of the Negroes came, and was a serious problem 
in Ireland during much of the 19th century. In spite 
of this, the Negro and European (mainly Irish) 
babies were of average weight by British standards. 
Furthermore, the weights of the Negro infants in our. 
study were within 0-8% of those of West Indian 
Negroes born in Jamaica (Roopnarinesingh et al., 
1971), a much larger population exposed to similar 
risk in earlier generations. 

Another source of variation in birthweight is body 
fat. Our studies do not suggest that the Indian babies 
were thinner than European or Negro babies, and 
neither were their mothers. We have been unable to 


detect the reported trend for fatter women to have 
fatter babies (Whitelaw, 1976). Possibly a larger 
sample would have shown such a correlation but it 
would certainly be weak. The amount of subcutan- 
eous fat in the triceps skinfold has been shown to be 
less in Negro children than in children from other 
races of comparable body size (Robson, 1964; 
Malina, 1968; Ashcroft et al., 1968). Our results 
show that this difference in body fat distribution is 
reversed in fetal life, since the triceps skinfold in the 
Negro infants was significantly greater than in the 
other racial groups. 

We were surprised to find no detectable effect of 
smoking on fetal size in our populations of European 
and Negro infants. The small reductions in weight, 
mid-upper arm circumference, and triceps skinfold 
in the smokers’ babies might have become significant 
with larger numbers but are unlikely to be of much 
biological importance. Since a number of the mothers 
were heavy smokers, this raises doubt as to whether 
smoking alone has an important influence on fetal 
growth. Social class could well be the crucial factor 
here, since smoking is more frequent in lower social 
class groups, and may be an index of a certain type 
of mother who tends to have babies of low birth- 
weight (Yerushalmy, 1964, 1971). More information 
is needed about the effects of smoking on human 
fetal growth, using careful matching of controls on a 
larger scale than we were able to attempt. Perhaps 
we have accepted the findings of large epidemiolgical 
surveys (Lowe, 1959; Kullander and Kallén, 1971; 
Butler et al., 1972) too uncritically. For example, it 
has been difficult until quite recently to distinguish 
low birthweight due to immaturity from that due to 
fetal growth retardation by examining hospital 
records. At least one study (Terris and Gold, 1969) 
did not make this distinction in assessing the effects 
of smoking. If the main result of smoking were to 
cause early delivery rather than growth retardation, 
the effect on birthweight would not appear in our 
study, since we excluded preterm deliveries. 
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Echovirus encephalitis and myositis in primary 
immunoglobulin deficiency 


A. D. B. WEBSTER, J. H. TRIPP, A. R. HAYWARD, A. D. DAYAN, R. DOSHI, E. H. MACINTYRE, 


AND D. A. J. TYRRELL 


From The Hospital for Sick Children and Institute of Child Health, London, and the Clinical Reasearch Centre, 


Northwick Park Hospital, Harrow, Middlesex 


sUMMARY Two children are described with primary hypogammaglobulinaemia and encephalitis 
associated with echovirus infection. One also developed a condition resembling dermatomyositis 
which improved after he was given infusions of plasma containing antibody to the echovirus. 
Although both died of their encephalitis, the course of the brain disease in one of them may have 
been prolonged by treatment with specific antibody. These cases, together with another briefly 
mentioned case in an adult with congenital hypogammaglobulinaemia and echovirus infection, 
indicate that these patients are particularly susceptible to echoviruses. 


Patients with immunoglobulin deficiency usually 
recover uneventfully from childhood virus infections 
such as mumps, measles, and varicella. However, 
there is evidence that viruses may occasionally cause 
encephalitis in such children (Hanissian et al., 1972; 
Linneman, 1973). We describe 2 boys with probable 
X-linked hypogammaglobulinaemia who developed 
central nervous system disease associated with an 
echovirus infection. One of them also had a myositis. 


Methods 


Lymphocyte studies. B lymphocytes were recognised 
by surface immunoglobulin using an immuno- 
fluorescence technique, and T lymphocytes by sheep 
red blood cell rosette formation (E rosettes). 
Lymphocyte response to phytohaemagglutinin 
(PHA) was measured over a 72-hour incubation by 
radioactive thymidine uptake during the final 16 
hours of culture. Results are expressed as stimulation 
index. 


Delayed hypersensitivity skin tests. Purified protein 
derivative of tubercle bacillus (PPD) (Ministry of 
Agriculture) 10 and 100 units, and Candida albicans 
19/7 (Bencard) both 0:1 ml intradermally. Dinitro- 
chlorobenzene (DNCB) 0:1 ml of a 5% sensitizing 
dose followed by challenge with 0-1 75 7 or more days 
later. 


Migration inhibition. The inhibition of migration from 
capillary tubes over 16 hours of buffy coat cells by 
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three concentrations of echovirus 11 vaccine was 
measured. Control wells contained supernatant from 
MRCS fibroblasts. Results were expressed as: 


100 migration of cells with vaccine — | 
migration of cells without vaccine i 


Isolation and identification of viruses. Viruses were 
cultured using human embryonic lung fibroblasts 
(MRCS) and identified by the typical cytopathic 
effect and by specific antisera. 


Preparation of material for therapy (Case 1). Plasma 
with an anti-echovirus 11 haemagglutination inhi- 
bition titre of >1:40 was obtained from volunteer 
blood donors, from patients recovering from 
infections with echovirus 11, and from the patient's 
mother after a series of injections of a formalin 
inactivated echovirus 11 vaccine given with pertussis 
vaccine (Burroughs Wellcome). This vaccine was 
prepared by propagating the virus isolated from the 
patient on MRC$ fibroblasts in a special laboratory 
and processing the culture fluid as for polio vaccine. 
A batch of commercial gammaglobulin with an 
echovirus 11 antibody titre of 1:80 and 300 ml of 
hyperimmune horse serum containing echovirus 
11 antibody at a titre of 1:1280 were also used. 


Case reports 
Case 1. Hypogammaglobulinaemia was diagnosed at 


18 months after he had suffered from pneumococcal 
meningitis, recurrent chest infections, and polio- 
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myelitis which left him paralysed below the waist. He 
had since remained in relatively good health on 
regular weekly gammaglobulin injections. His 
disease was clearly familial since his brother and a 
son of a maternal aunt have hypogammaglobulin- 
aemia with absence of circulating B lymphocytes. 4 
of the mother’s brothers also died in infancy or early 
childhood of infections. 

At 11 years he developed drowsiness, headache, 
and tremor of the hands. One month later he was 
admitted for investigation of a possible cerebral 
abscess and, during a cerebral arteriogram (normal), 
developed status epilepticus and remained in a 
trance-like state for almost 3 weeks from which he 
could only be roused to obey simple commands. 
During this time he developed a painful fluctuating 
polyarthritis affecting the joints of the upper limbs 
and ankles. When examined one month later there 
was muscle rigidity on passive movement of the upper 
arms and marked intention tremor. The ankles were 
also swollen but the rest of his paralysed legs were 
unaffected. There was tense oedema of the sub- 
cutaneous tissue of the upper and lower arms anda 
transient erythematous rash over the right biceps 
region. He was thin and wasted. 


Investigations. Microcytic, hypochromic anaemia 
(Hb 9-6 g/dl). Serum creatine phosphokinase 11 IU/I 
(normal 5-80). Serum immunoglobulins grossly 
reduced, IgG 19, IgA <12, and IgM <5 IU/ml; 
blood lymphocyte count 3-2 x 10?/1; lymphocyte 
response to PHA was low (stimulation index 24, 
normal >60); delayed hypersensitivity skin tests to 
PPD, Candida, and DNCB were all negative but 
became positive 7 months later. Leucocyte migration 


Jo NE » i =... rs : to Wc PN. "a cr. ESS fiers - 
5 6-4 pas. £^ te o? q mI hw ow 
3l A t Too ne: E : t) - 
‘ > TE , , " M r à 


, ' P g CS» « 
, $ 
e Lov Wd Tu. 


~ ee 4 UN 





inhibition to echovirus 11 Vaccine was positive on 
two separate occasions (26% and 35% inhibition). 

Repeated samples of CSF (normal pressure) 
contained raised cells and protein. In the first there 
were white cells 425/mm? (0-425 x 109/I) (95 % mono- 
nuclear cells), and 3-1 g/l protein with normal sugar. 
Bacteriological cultures were negative but echovirus 
11 was identified in the first sample cultured (4 
months after the onset of the illness) and in 8 of the 
16 subsequent samples. No viral antigen was 
detected in cells from the CSF by immunofluorescence 
using horse anti-echovirus 11 antisera. 

A biopsy of skin, subcutaneous tissue, and muscle 
taken from the right forearm showed a predomi- 
nantly mononuclear cell infiltrate in muscle with 
destruction of some muscle fibres (Fig.) and in the 
connective tissue around the small blood vessels. 
Immunofluorescence failed to show viral antigen in 
the muscle tissue and virus cultures were negative. 
Separated blood lymphocytes cultured with a homo- 
genate of muscle tissue showed no increased uptake 
of tritiated thymidine after 6 days (M. M. Esiri). 


Progress. There was rapid improvement in the 
subcutaneous oedema, level of consciousness, and 
tremor of the upper limbs after he was given hyper- 
immune plasma. 6 | hyperimmune plasma, 6 U 
transfer factor (equivalent to 3 | blood), multiple 
BCG immunisations, and a course of gammaglobulin 
injections containing echovirus 11 antibody were 
given over the next 10 months. He needed anti- 
convulsants to control recurrent epilepsy and a 
Spitz-Holter valve was inserted for hydrocephalus. 
Despite these problems he was able to return to 
school intermittently. 20 months after onset, the 


Fig. Case I. Muscle biopsy 
showing mononuclear cell 
infiltration and some muscle 
fibre necrosis. (Haematoxylin 
and eosin x 150.) 
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CSF protein rose to 9 g/l and his condition deterio- 
rated. He was then given an infusion of maternal 
blood and bone marrow cells, a course of injections 
of hyperimmune horse serum, and a further 8 U 
hyperimmune plasma. In spite of a further temporary 
improvement, his condition deteriorated and he died 
suddenly with failure of the respiratory centre 28 
months after his first admission. At no time was 
echovirus 11 antibody detected in the CSF although 
a small amount of IgG immunoglobulin (0:05 g/l) 
appeared after plasma therapy. 


Necropsy findings. The thymus was normal apart 
from absence of Hassall's corpuscles. The peripheral 
and central lymph nodes contained no germinal 
centres or plasma cells but the paracortical regions 
showed normal cellularity. The malpighian bodies in 
the spleen were poorly developed and only small 
aggregates of lymphoid cells were present in the 
appendix where there were no fully formed follicles. 

The meninges over the cerebral hemispheres, in 
the posterior fossa, and throughout the spinal 
column were thickened and tightly adherent with 
obliteration of the subarachnoid space by a mono- 
nuclear cell inflammatory infiltrate. The lateral and 
3rd ventricles were moderately dilated with granular 
thickening of the ependyma and obliteration of the 
aqueduct. There were scattered demarcated scars on 
the surface of the cerebral cortex which did not 
involve the underlying white matter. Histology of 
these areas showed astrocytic proliferation, micro- 
calcification, and perivascular lymphocyte infiltra- 
tion. There were similar changes in the central grey 
matter, dentate nuclei, and olives. The cerebellum was 
also affected with loss of Purkinje and granular cells 
with an increase in Bergmann glia. There was loss of 
cells in the anterior horns and posterior root ganglia 
of the lower thoracic and lumbar spine associated 
with a perivascular mononuclear cell infiltrate. No 
viruses were isolated from the brain or from culture 
supernatants of brain tissue. Echovirus 11 antigen 
was not demonstrated in brain by immunofluores- 
cence. 


Case 2. A nonidentical twin born to unrelated 
parents at 36 weeks’ gestation, weighing 2:5 kg. 
There was no relevant family history. From the age 
of 3 months he had frequent upper and lower respira- 
‘tory tract infections, two episodes of otitis media, 
and an axillary abscess. At 2 years he had a right 
upper lobe pneumonia, suddenly became ataxic, and 
developed a trance-like state. On admission he was 
pale and thin, his weight and head circumference 
being on the 3rd centile and height on the 25th 
centile. There was lid retraction, dilated unreacting 
pupils, marked truncal and limb ataxia, brisk 


symmetrical deep tendon reflexes, and bilateral 
extensor plantar responses. 


Investigations. Hb 11-2 g/dl; mild neutropenia 
(1-6 x 109/1) with a normal lymphocyte count 
(2-2 »x109/I). Serum immunoglobulins were grossly 
reduced IgG <12, IgA <12, and IgM 37 IU/ml; 
lymphocyte response to PHA was low (stimulation 
index 15), delayed hypersensitivity skin tests to 
Candida were negative. Examination of spleen 
lymphocytes obtained at necropsy showed absence 
of surface IgG and IgM, though most had surface 
IgG (after replacement therapy). 21 7 of cells formed 
E rosettes. There was evidence of inappropriate 
antidiuretic hormone secretion. 

Left carotid and vertebral angiograms were 
normal. Electroencephalogram showed widespread 
slow wave activity. CSF was under normal pressure 
and contained red blood cells 495/ul, white blood 
cells 0-016 x 10?/l, protein 0-87 g/l, and normal 
glucose. No viruses or bacteria were isolated from 
the CSF. Blood culture grew E.coli. A right frontal 
brain biopsy was performed on the third day 
after admission and echovirus type 25 was cultured 
by two separate laboratories. 


Progress. There was a short period of apnoea, 
without apparent anoxia, after a generalised convul- 
sion which was treatea with intravenous diazepam. 
12 hours later he assumed a decerebrate posture but 
continued to respond to auditory and visual stimuli. 
Fluids were restricted and he was given dexametha- 
sone, human gammaglobulin, gentamicin, and 
cephaloridine. His clinical condition remained 
unaltered for the next 2 weeks and then deteriorated 
with frequent apnoeic episodes and convulsions. He 
died 5 weeks after the onset of his pneumonia. 


Necropsy findings. The spleen was of normal size but 
the malpighian bodies were poorly developed. The 
thymus was small and moderately hypocellular but 
contained numerous Hassall’s corpuscles. The 
peripheral lymph nodes showed an increase in 
cellularity of the paracortical region but contained 
no germinal centres or plasma cells. 

There was extensive antemortem cerebral sinus 
thrombosis. The meninges and brain were grossly 
normal apart from some shrinkage of the medulla. 
Sections of the brain stem showed a severe subacute 
encephalitis with marked mononuclear perivascular 
cuffing, neuronal loss in the cranial nerve nuclei, 
degenerating nerve cells, and neuronophagia with 
astrocytic reaction in the pons and medulla. The 
inflammatory process was less severe in the thalamus 
and basal ganglia with only mild changes in the 
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cerebral hemispheres, the cerebellum, and cervical 
cord. 


Discussion 


Both patients had hypogammaglobulinaemia which 
may have been of the X-linked type. The family 
history in Case 1 was suggestive, but the absence of 
thymic Hassall’s corpuscles is not usual in this 
condition. Another atypical feature was that Case 2 
made some IgM. Both had depressed lymphocyte 
transformation to PHA and depressed delayed 
hypersensitivity skin reactions when initially tested. 
However, these defects were probably secondary in 
Case 1 since these returned to normal after his general 
condition had improved. The finding of T lympho- 
cytes in the spleen at necropsy, together with the 
normal appearance of the lymph node paracortical 
region indicates that neither of these patients had a 
significant primary defect in cellular immunity. 
Echovirus 11 inhibited the migration of leucocytes in 
Case 1, which may be evidence of cell-mediated 
immunity. However, since the migration inhibition 
tests were performed after treatment with hyper- 
immune serum, it is possible that the inhibition was 
mediated by cytophilic antibody (Ortiz-Ortiz et al., 
1974). 

Dayan (1971) found evidence of viral encephalitis 
in the brains of 9 of 23 infants dying with severe 
combined immunodeficiency. However, only a few 
cases of encephalitis have been described in patients 
with hypogammaglobulinaemia and intact cellular 
immunity. Lyon and Griscelli (1973) reviewed 8 such 
patients and suggested an autoimmune pathogenesis 
although measles viral antigen was found in the 
brain of one of these patients (Hannissian er al., 
1972). Linneman et al. (1973) described 2 patients 
in whom Herpes simplex virus was isolated from 
brain tissue; echovirus 2 was also isolated from one 
of these patients. Ziegler and Penny (1975) described 
a boy with X-linked agammaglobulinaemia, amyloid 
and fatal chronic echovirus type 30 meningoence- 
phalitis. 

Myositis similar to that in Case 1 has been described 
in X-linked agammaglobulinaemia (Janeway et al., 
1956; Gotoff et al., 1972). It differs from typical 
dermatomyositis in the normal level of creatine 
phosphokinase and the absence of sensitised circu- 
lating lymphocytes to autologous muscle tissue in 
Case 1 (Esiri et al., 1973). The skin manifestations 
were also clinically mild. No virus was isolated from 
the muscle biopsy but there was dramatic improve- 
ment in the muscle disease after treatment with 
plasma containing antibody to the virus. We have 
recently isolated echovirus 3 from the CSF of 
another 21-year-old patient with probable X-linked 


agammaglobulinaemia. He had tense subcutaneous 
oedema and erythema of the legs with electromyo- 
graphic, but not histological evidence of myositis. 
There were no signs or symptoms of neurological 
disease despite raised cells and protein in the CSF. 

Children with X-linked agammaglobulinaemia 
seem more prone to chronic viral brain disease than 
those with the adult onset type of primary hypo- 
gammaglobulinaemia. This may reflect a total 
inability to produce local antibody within the central 
nervous system in congenital type cases, which 
usually have absence of circulating B lymphocytes. 
Perhaps patients with the adult onset type retain the 
ability to make some antibody locally in the central 
nervous system by analogy with the finding of 
immunoglobulin-containing cells in the gastro- 
intestinal tract of these patients (Broom et al., 1975). 
Adults may also have met most of the neurotropic 
viruses before becoming hypogammaglobulinaemic 
and have retained some specific immunity. Case 1 
developed echovirus infection while on gamma- 
globulin therapy, presumably because of lack of anti- 
bodies to this serotype in the pooled human gamma- 
globulin. This is probably due to the continual 
variation of the prevalent echovirus serotype in the 
population (Public Health Laboratory Service, 1974). 
Gammaglobulin prepared more than a year before 
use may consequently fail to protect patients with 
hypogammaglobulinaemia against echoviruses. 

Echovirus meningoencephalitis and myositis 
should be suspected when neurological or *dermato- 
myositic’ signs occur in patients with hypogamma- 
globulinaemia, especially when there are raised 
protein and cells in the CSF. As virus culture of CSF 
was only intermittently positive in 2 of the 3 patients, 
it may be necessary to do at least three lumbar 
punctures. Culture of a brain biopsy may also be 
indicated. 


We thank Dr E. M. Brett for permission to study 
Case 2, and Dr M. Erdohazi for the neuropatho- 
logical report; Drs T. E. Davies, T. E. Cleghorn, 
J. V. S. Pether, R. M. Lowenthal, V. Cossart, and 
A. R. Fodor for supplying hyperimmune serum and 
immunoglobulin; Mr J. Parry and Mrs P. K. Brown 
for the vaccine; and Dr G. L. Asherson and Professor 
J. F. Soothill for discussion and advice. 


References 


Broom, B. C., De La Concha, E. G., Webster, A. D. B., 
Loewi, G., and Asherson, G. L. (1975). Dichotomy between 
immunoglobulin synthesis by cells in gut and blood of 
patients with hypogammaglobulinaemia. Lancet, 2, 
253-256. 

Dayan, A. D., (1971). Chronic encephalitis in children with 
severe immunodeficiency. Acta Neuropathologica, 19, 
234-241. 


Echovirus encephalitis and myositis in primary immunoglobulin deficiency 37 


Esiri, M. M., MacLennan, I. C. M., and Hazelman, B. L. 
(1973). Lymphocyte sensitivity to skeletal muscle in 
patients with polymyositis and other disorders. Clinical 
and Experimental Immunology, 14, 25-35. 

Gotoff, S. P., Smith, R. D., and Sugar, O. (1972). Dermato- 
myositis with cerebral vasculitis in a patient with agam- 
maglobulinemia. American Journal of Diseases of Children, 
123, 53-56. 

Hanissian, A. S., Jabbour, J. T.. deLamerens, S., Garcia, 
J. H., and Horta-Barbosa, L. (1972). Subacute encephalitis 
and hypogammaglobulinemia. American Journal of 
Diseases of Children, 123, 151-155. 

Janeway, C. A., Gitlin, D., Craig, J. M., and Grice, D. S. 
(1956). ‘Collagen disease’ in patients with congenital 
agammaglobulinemia. Transactions of the Association of 
American Physicians, 69, 93—97. 

Linneman, C. C., Jr., May, D. B., Schubert, W. K., Caraway, 
C. T., and Schiff, G. M. (1973). Fatal viral encephalitis in 
children with x-linked hypogammaglobulinemia. American 
Journal of Diseases of Children, 126, 100—103. 


Lyon, G., and Griscelli, C. (1973). Chronic encephalitis in 
congenital hypogammaglobulinemia. European Study 
Group on Child Neurology, Kungalv, 1973. 

Ortiz-Ortiz, L., Zamacona, G., Garmilla, C., and Arellano, 
M. T. (1974). Migration inhibition test in leucocytes from 
patients allergic to penicillin. Journal of Immunology, 113, 
993-997, 

Public Health Laboratory Service, (1974). Echovirus type II. 
British Medical Journal, 3, 123. 

Ziegler, J. B., and Penny, R. (1975). Fatal ECHO 30 virus 
infection and amyloidosis in X-linked hypogamma- 
globulinemia. Clinical Immunology and Immunopathology, 
3, 347-352. 


Correspondence to Dr A. D. B. Webster, Division 
of Immunological Medicine, Clinical Research 
Centre, Watford Road, Harrow HAI 3UJ 
Middlesex. 


Archives of Disease in Childhood, 1978, 53, 38-42 


Mycoplasma pneumoniae infections in children 


DAVID STEVENS, P. G. F. SWIFT, P. G. B. JOHNSTON, P. J. KEARNEY, BERYL D. CORNER, 
AND DAVID BURMAN 


From the Royal Hospital for Sick Children, Bristol 


SUMMARY Details are given of all serologically confirmed Mycoplasma pneumoniae infections in 
children referred to Bristol hospitals during an epidemic lasting 18 months. 44 children, many below 
school age, had lower respiratory infections. The majority had cough and malaise which had 
failed to respond to antibiotics given before referral. Chest x-rays showed no pathognomonic 
features: segmental or patchy consolidation was common; 3 cases had lobar consolidation. Cold 
agglutinins were raised in 9 out of 12 cases. In the majority of cases the total leucocyte count was 
normal and the absolute neutrophil count raised. Mean duration of symptoms was 4:2 weeks 
(range 1-16). Treatment with erythromycin or tetracycline appeared to have little effect in most 
cases. Seven nonrespiratory manifestations were seen in 6 children. These were meningitis (2 cases), 
Stevens-Johnson syndrome (4 cases, | case complicated by toxic epidermal necrolysis), and acute 
haemolytic anaemia (1 case). 


Mycoplasma pneumoniae infections affect both the together with clinical features of an M. pneumoniae 
upper and lower respiratory tract and occur most infection, or if there was a more than fourfold rise in 
frequently between the ages of 5 and 30 years titre, or a falling titre in late convalescence. All 
(Couch, 1973). M. pneumoniae has been found to be serology is performed in the same laboratory, so we 
an uncommon cause of pneumonia before school were able to obtain details of all M. pneumoniae 
age (Foy er al., 1970) and infections in this age group infections in children referred to outpatient clinics 
are usually mild (Fernald er al., 1975). This paper or admitted to hospitals in Bristol. The population 
gives details of all serologically confirmed M. under 15 years directly served by these hospitals is 
pneumoniae infections in children, many belowschool approximately 168 000. No attempt was made to 
age, referred to Bristol hospitals during a recent screen all children with lower respiratory tract 


epidemic. infection and there was no surveillance of cases 
Manifestations of M. pneumoniae outside the not referred to hospital. 
respiratory tract are uncommon. Acute haemolytic Forty-four children had /ower respiratory tract 


anaemia (Barret-Connor, 1972), arthritis (Lambert, infections; 40 had pneumonia confirmed by radio- 
1968), Stevens-Johnson syndrome (Cherry ef al., logy, and the remaining 4 had bronchitis. 5 of the 
1975), pericarditis (Grayston et al., 1965), myocarditis children with lower respiratory tract infections had 
(Grayston ef al., 1967), hepatitis (Murray et al., significant nonrespiratory manifestations and one 
1975), meningitis, and other neurological disorders child had  Stevens-Johnson syndrome and no 
(Lerer and Kalavsky, 1973) have been described. pulmonary illness. Ages ranged from 16 months to 
Details of some of these unusual but serious mani- 14 years. 18 children were aged under 5 years and 27 
festations are presented. between 5 and 13 years. There were 28 males and 17 

females (ratio 1-6:1). 
Patients and methods 

Cases with lower respiratory tract involvement. 
Between September 1974 and March 1976, 45 Symptoms and signs of the 44 children with lower 
children with M. pneumoniae infections were seen in respiratory tract infections are shown in the Fig. 
Bristol hospitals. Diagnosis of M. pneumoniae Onset was usually insidious with cough, fever, and 
infection was made if there was a single complement- ^ malaise. In some children symptoms began abruptly; 
fixing (CF) antibody titre to M. pneumoniae —1/256 with delirium in 3, acute breathlessness in 2, and 

pleuritic pain in 1. 6 children had an erythematous 
Received 3 June 1977 macular skin rash on the trunk and limbs, but this 
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SYMPTOMS 


PERCENTAGE OF CHILDREN 


COUGH FEVER | >38t) 
MALAISE Ec CREPITATIONS ur 
NASAL DISCHARGE 
SORE THROAT PHARYNGITIS 
VOMITING RHONCHI E. 
ABDOMINAL PAIN BRONCHIAL 
BREATHING 


HEADACHE 


SPUTUM 


SKIN RASH 


FAILURE TO RESPOND 
TO ANTIBIOTICS 





was usually fading at the time of referral. 36 children 
had been given antibiotics before referral, and 18 of 
those who failed to improve had been changed to a 
second antibiotic. In most children cough and malaise 
were the predominant symptoms. 12 older children 
produced sputum, which was yellow in 7 and white 
in the remainder. One child, aged 8, had a paroxysmal 
cough, whooping, and vomiting, consistent with 
pertussis syndrome, but bacterial culture was nega- 
tive. A history of fever was common and the axillary 
temperature was more than 38°C in 26 children at 
referral. Comparison between older and younger 
children with lower respiratory tract involvement 
showed no difference in the severity, duration of the 


Table 1 
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PHYSICAL SIGNS 


Fig. Clinical features of 44 
children with lower respiratory 
tract infections due to 
Mycoplasma pneumoniae. 

















illness, or symptoms; except that nasal discharge and 
pharyngitis were commoner in the younger children 
and productive cough commoner in the older 
children. 9 children had otitis media and 1 a haemorr- 
hagic myringitis. Crepitations were the commonest 
auscultatory finding. Bronchial breathing and 
rhonchi were less common. A pleural rub was heard 
in the case presenting with pleuritic pain. 


Cases with nonrespiratory manifestations. 7 non- 
respiratory manifestations were seen in 6 children: 
meningitis 2 cases, Stevens-Johnson syndrome 4 
cases, and acute haemolytic anaemia 1 case. Details 
of these cases are summarised in Table 1. 


Details of children with nonrespiratory manifestations 


Case Age Sex Diagnosis Clinical features CF antibody Progress 
no. (years) M. pneumoniae 
1 5 M Pneumonia, Confusion, photophobia, fever and stiff neck 4 d; > 1/4000 No antibiotics; 
meningitis (CSF 0-073 lymphocytes = 109/1; protein 0-3 g/l; recovered in | w 
glucose 3:5 mmol/l; bacterial and viral culture neg); 
chest x-ray consolidation 
2 8 M Pneumonia, Cough 10 d, headache, fever, stiff neck 24 h; (CSF > 1/16000 Tetracycline; 
meningitis 0-076 lymphocytes and 0-002 polys x 109/1; protein headache better 
0-45 g/l; glucose 3:5 mmol/l; bacterial and viral and CSF normal 
culture neg); chest x-ray consolidation in 10d 
3 11 M Bronchitis, Cough 7 d, erythema multiforme, mouth and genital 1/512 IV fluids, 
Stevens-Johnson ulcers 12 h; rhonchi; haemolysis Hb drop corticosteroids; 
syndrome;,--... - 12-6—10-4 g/dl; retic 23%, spherocytes, lesions healed in 
haemolytic haemosiderinuria, direct antiglobulin test neg, cold 3 w; haemolysis 
anaemia agglutinins 1/512 4°C and 20°C and neg 37°C; chest for 2m 
x-ray normal 
4 8 M Pneumonia, Malaise, cough, fever, erythema multiforme, mouth 1/4000; after Im IV fluids, 
Stevens-Johnson and genital ulcers; rhonchi; cold agglutinins 1/512 1/2000 corticosteroids; 
syndrome 4°C and 20°C and neg 37°C; chest x-ray consolidation recovered in 3 w 
5 11 F Bronchitis, Cough, erythema multiforme, mouth and genital 1/16; after 10 d IV fluids, 
Stevens-Johnson ulcers; rhonchi; chest x-ray peribronchial thickening 1/512 corticosteroids; 
syndrome recovered in 2 w 
6 8 F Stevens-Johnson Sore eyes 2 d, mouth and genital ulcers 24 h, severe 1/1024; after 7d IV fluids; severely 


syndrome, toxic 
epidermal 
necrolysis 


blistering arms and trunk for a few hours 
(Nikolsky’s sign positive); chest x-ray normal 


1/512 ill 4 d; finger 
nails lost and 
regrown; 
conjunctival 


shrinkage 


Saa 
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Investigations. A chest x-ray was taken in every case. 
Consolidation varied greatly in extent and was 
usually patchy and segmental but in 3 cases there was 
dense consolidation confined to one lobe. 2 cases had 
marked hilar lymphadenopathy, and 1 had a 
moderate sized pleural effusion. One case of bron- 
chitis had a normal chest x-ray, whereas the remain- 
ing 3 had changes of peribronchial thickening. 
Leucocyte counts were performed in every case 
(Table 2), and no consistent pattern was seen. The 


Table 2 White blood cell counts* in 45 children with M. 
pneumoniae infections 





Leucocytosis 15 (33%) 
Normal leucocyte count 29 (64^,) 
Leucopenia 1 2%) 
Neutrophilia (absolute values) 30 (67°.,) 
Normal neutrophil count 14 (31?,) 


Neutropenia 1 ( 2%) 





*Normal values from Black and Barkhan (1974). 


commonest finding was a normal total leucocyte 
count with the differential count showing an absolute 
neutrophilia. Cold agglutinins were looked for in 12 
cases; a cold agglutinin titre was estimated in 9 and a 
rapid test (Garrow, 1958) used in the other 3. All the 
rapid tests were positive and 6 of the cold agglutinin 
titres were >1/64 at 4°C and all showed anti-I 
specificity. Red cell autoagglutination was seen on 
blood film examination in 6 cases. Erythrocyte 
sedimentation rate (Westergren) was performed in 31 
cases and was — 20 mm/h in 20 (range 3-130 mm). 
CF antibody titre to M. pneumoniae was measured 
in every case and in the same laboratory. 20 had an 
initial titre — 1/256 but — 1/1000; 5 were between 
1/1000 and 1/4000; and 20 were >1/4000. In 12 
there was a more than fourfold rise in titre or a 
falling titre in late convalescence. There was little or 
no CF antibody to respiratory syncytial virus, 
adenovirus, influenza A and B and parainfluenza | 
and 3 viruses, and psittacosis and Q fever antigens, 
in any case with lower respiratory tract infection. 
There was little or no CF antibody to Herpes 
simplex and Coxsackie B viruses in those cases with 
Stevens-Johnson syndrome. The cases with menin- 
gitis had little or no CF antibody in the serum to 
Coxsackie B, lymphocytic choriomeningitis, or 
leptospiral antigens; and no CF antibody in the 
cerebrospinal fluid to Herpes simplex virus. 


Treatment and progress. One child had been given 
erythromycin, and 1 tetracycline, before hospital 
referral. 25 children were subsequently given erythro- 
mycin, 2 older children given tetracycline, 9 other 
antibiotics, and 9 were not given any antibiotic. 
Erythromycin or tetracycline was given if M. 


pneumoniae infection was suspected on clinical 
features, or delayed until the diagnosis was confirmed 
by serology. 

The mean duration of symptoms of the 43 cases 
seen at follow-up was 4:2 weeks (range 1-16). 
During the acute stage, all 4 cases of Stevens-Johnson 
syndrome required intravenous fluids and intensive 
nursing care, and 2 received systemic cortiocosteroids. 
The skin and mucous membrane lesions resolved 
completely in 3 cases but one child (Case 6) was left 
with a severe conjunctival shrinkage syndrome which 
required a mucous membrane graft. Both cases of 
meningitis resolved quickly with no sequelae. The 
acute haemolytic anaemia was present for 2 weeks 
after which there was a compensated haemolysis for 
a further 2 months. 


Discussion 


Studies of families in outpatient practice have shown 
that M. pneumoniae is the principal nonbacterial 
pathogen causing pneumonia in school age children 
(Foy et al., 1970). Below the age of 5 years, infections 
are often asymptomatic or cause mild coryza or 
cough (Fernald eż al., 1975), but studies of infections 
within families with several children have shown that 
pneumonia can occur before school age (Grayston 
et al., 1967). This suggests that intensity of exposure 
is important for pneumonia to develop in young 
children, and cases in this age group might be 
expected to be commoner in epidemics. 

In a report of a large number of cases of M. 
pneumoniae infections, the ratio of males to females 
was 1:1 to 1 (Foy et al., 1970). The male predomi- 
nance was said to be greater in children but figures 
were not quoted. Our findings suggest that lower 
respiratory infection is commoner in boys but this 
may hold true only for more severe disease, as all 
our cases had been referred to hospital. M. pneu- 
moniae tends to cause smouldering epidemics lasting 
1 to 2 years and does not show any marked seasonal 
variation (Foy et al., 1970). The epidemic in Bristol 
followed this pattern and lasted 18 months. 

Symptomatology was similar in most respects to 
the illness in adults (Murray et al., 1975). Cough was 
almost always present and malaise common. We 
found no important differences in the severity, 
duration of illness, or clinical features of younger and 
older children with lower respiratory tract infection: 
Respiratory distress is said to be rare (Couch, 1973), 
but was present in 2 of our cases. One of our cases 
had a clinical picture similar to whooping cough; a 
presentation which has been noted before (Lambert, 
1969). The majority of children were referred with 
a history of failure to respond to antibiotics. 
Crepitations are the commonest auscultatory finding 


(Mufson et al., 1961); signs of consolidation were 
also present in about one-quarter of our cases. 

The radiological signs of M. pneumoniae have been 
reviewed (Foy et al., 1973). There are no pathogno- 
monic features although segmental or patchy 
consolidation and central dense infiltrates are 
common. These were the commonest findings in our 
series but in 3 cases there was dense lobar consolida- 
tion, indistinguishable from typical pneumococcal 
pneumonia. Large effusions are rare but small 
effusions were found in 3 out of 20 cases described 
by Lambert (1969). 

Experimental infection with M. pneumoniae in 
volunteers (Smith e£ al., 1967) showed that total 
leucocyte counts are frequently normal, or slightly 
raised, with differential counts showing a neutro- 
philia. We have found similar changes in children. It 
is clear that leucocyte counts cannot be relied on to 
discriminate between bacterial and M. pneumoniae 
pneumonia. However, a normal leucocyte count may 
help to support a clinical suspicion of M. pneumoniae 
pneumonia. Cold agglutinin titres are raised in 
33-76% of M. pneumoniae pneumonias (Chanock, 
1965) and the antibody usually shows anti-I specificity 
(Barret-Connor, 1972). Cold agglutinins may occa- 
sionally be raised in other pneumonias (Jansson 
et al., 1964). The rise in cold agglutinin titre precedes 
the rise in CF antibody (Couch, 1973). The laboratory 
procedure for demonstrating cold agglutinins is 
time-consuming, so a positive rapid screening test 
(Garrow, 1958) which suggests a raised cold agglu- 
tinin titre, is a suitable screening test. 

Laboratory diagnosis of M. pneumoniae infection 
depends on either isolation of the organism by 
culture or on serological methods. Culture of the 
organism takes 10 days or more and is presumptive 
evidence of infection. A more than fourfold rise of 
complement-fixing or growth-inhibiting antibody in 
paired samples of sera is confirmation of infection. A 
rising titre is not always possible to show because the 
rise has frequently taken place before the child is 
first seen (Foy et al., 1970). A falling titre in late 
convalescence is confirmatory evidence, but addi- 
tional venepunctures are difficult to justify in children 
who are recovering. 

The growth of M. pneumoniae is inhibited in vitro 
by both tetracycline and erythromycin (Denny et al., 
1971) and trials in adults have shown that the illness 
is shortened by these drugs (Kingston ef al., 1961; 
Rasch and Mogabgab, 1965). However, the efficacy 
of these drugs remains to be proven in children, and 
symptomatic treatment only has been recommended 
(Eichenwald and McCracken, 1975). If antibiotic 
therapy is used, erythromycin is preferable to tetra- 
cycline because it has fewer and less severe side 
effects in children. These drugs appeared to have 
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little effect on the course of the ilIness in our cases and 
symptoms persisted for long periods. In most cases, 
the interval between the onset of symptoms and start 
of treatment was more than 48 hours, and it is 
possible that earlier treatment might have been more 
effective. However, recovery was complete in all 
cases who attended follow-up. 

Nonrespiratory manifestations of M. pneumoniae 
are uncommon. Haemorrhagic or bullous myringitis 
was first described in experimental infection in 
volunteers (Rifkind ef al., 1962) but has been 
infrequent in naturally occurring infection (Grayston 
et al., 1967). Only one of our cases showed this sign, 
although otitis media, described previously in M. 
pneumoniae infections (Grayston ef al., 1967), 
occurred quite frequently. 

Lerer and Kalavsky (1973) reviewed neurological 
manifestations which included 10 reported cases of 
meningitis. The CSF usually showed a lymphocytic 
predominance. Pulmonary disease was not always 
present. Most cases made a complete recovery. Other 
neurological disorders described included the 
Guillain-Barré syndrome, encephalitis, and cerebellar 
ataxia. A few cases of encephalitis were left with 
residual neurological deficit. 

Arthritis is an uncommon but well recognised 
complication (Lambert, 1968). Large rather than 
small joints are affected and complete recovery can 
be expected. In this epidemic one case of arthropathy 
with significant CF antibody to M. pneumoniae was 
seen, but there was also a raised antistreptolysin O 
titre. The case was therefore excluded from this 
series. 

About 50 cases of acute autoimmune haemolytic 
anaemia due to M. pneumoniae were reviewed by 
Barret-Connor (1972). Cold agglutinins are usually 
but not invariably raised. The antibody is comple- 
ment-binding and the direct antiglobulin test should 
be performed using a reagent with anticomplement 
activity. A ‘broad spectrum’ antiglobulin reagent was 
used in our case of haemolytic anaemia but the 
negative result could have been due to low anti- 
complement activity in the reagent. Haemolysis 
usually begins late in the illness as the pneumonia 
begins to resolve. Haemolysis may be severe, 
resulting in haemoglobinuria and profound anaemia ; 
but death is rare. Spontaneous recovery occurs and 
no treatment is necessary, except for blood trans- 
fusion for severe anaemia. It is probably wise to 
avoid cooling the patient since this could increase 
the haemolysis. 

Skin rashes have been found in 9-30% of cases of 
M. pneumoniae infection (Cherry et al., 1975). The 
rash can be erythematous maculopapular, vesicular, 
bullous, petechial, urticarial, or pruritic. The com- 
monest skin rash in our cases was a transient 
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erythematous macular rash which was often fading 
at the time of hospital referral. In a review, 
Cherry et al. (1975) analysed 7 reported cases of 
Stevens-Johnson syndrome. They could find no 
reports of bullous or vesicular lesions occurring in 
females. Drugs, including penicillin, can cause 
Stevens-Johnson syndrome. One of our cases had 
been given penicillin but there was good serological 
evidence of M. pneumoniae infection. Case 6, with 
severe toxic epidermal necrolysis and permanent 
ocular sequelae, appears to have had a unique and 
very serious complication of M. pneumoniae. 

It is clear that M. pneumoniae infections evoke a 
number of different host responses. Antibody 
confirmation of infection should certainly be sought 
in infants and children with lower respiratory 
infections associated with persistent cough and 
malaise, or in children with Stevens-Johnson 
syndrome. Complete recovery, often after several 
weeks of illness, can be expected in nearly all cases of 
childhood M. pneumoniae infection. Therapy with 
erythromycin or tetracycline appears to have little or 
no efect in most cases. Trials of early therapy will 
probably have to await more reliable and convenient 
methods of early diagnosis. 


We thank the consultants at the Royal Hospital for 
Sick Children, Bristol, Southmead Hospital, and 
Ham Green Hospital for permission to study cases 
under their care, and Dr S. K. R. Clarke for criticism. 
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Treatment of Bartter's syndrome in early childhood 
with prostaglandin synthetase inhibitors 


J. M. LITTLEWOOD, M. R. LEE, AND S. R. MEADOW 
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Infirmary 


SUMMARY The diagnosis of Bartter’s syndrome was 


made in a 9-month-old boy investigated 


for poor weight and height gain. Initial treatment with oral potassium supplements and later 
spironolactone had little or no effect on his growth, although plasma potassium rose to normal 
after spironolactone. At 33 months indomethacin therapy was started with dramatic results. His 
symptoms went and his height and weight accelerated into the normal range. In view of the toxicity 
of indomethacin it was replaced after 12 months by another prostaglandin synthetase inhibitor, 
ketoprofen, with a satisfactory result. During the change-over period from indomethacin to keto- 
profen the expected deterioration in clinical well-being was observed, accompanied by a rise in 


urinary prostaglandins and plasma renin activity. 


best available treatment for Bartter’s syndrome. 


In 1962 Bartter and colleagues described a syndrome 
of hypokalaemia, alkalosis, raised plasma renin 
activity, and hypertrophy of the juxtaglomerular 
apparatus but without hypertension. In children 
there is associated growth failure (Bryan et al., 1966). 
Several groups of investigations had suggested that 
there was an obligate loss of sodium in the urine of 
patients with this disorder (Cannon et al., 1968; Lee, 
1969). It had also been proposed that there could 
be an inappropriate production of renin and on this 
basis beta-adrenergic blocking agents, such as 
propanolol, had been tried (Modlinger et al., 1973). 

In 1975 Belgian workers (Verberckmoes ef al., 
1976) observed hyperplasia of the renomedullary 
interstitial cells in Bartter's syndrome. In view of the 
suggested association of these cells with prostaglan- 
din production (Muirhead et al., 1972), they admini- 
stered a known inhibitor of prostaglandin synthetase 
(indomethacin) to an adult patient with this disorder. 
The initial results were excellent and this finding has 
been confirmed by others in the United States 
(Fichman et al., 1976; Gill et al., 1976). 

We report here the diagnosis of Bartter's syndrome 
in an infant and its successful treatment with 
indomethacin. The long-term use of this drug presents 
certain difficulties. There is a substantial incidence of 
gastric erosions and also serious side effects within 
the central nervous system including headache and 
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Prostaglandin synthetase inhibitors provide the 


hallucinations. We therefore changed his therapy to 
ketoprofen| a known prostaglandin synthetase 
inhibitor, with fewer reported side effects (Fossgreen 
et al., 1975). During the change-over period detailed 
study was made of clinical and biochemical changes. 


Methods 


Plasma renin activity was determined by a modifica- 
tion of the method of Ryan ef al. (1968). The 
angiotensinase inhibitors were dimercaprol; 8- 
hydroxyquinoline; phenylmethylsulphonylfluoride : 
and ethylenediaminetetraacetic acid. The angiotensin 
I formed was determined by radioimmunoassay and 
the bound and free separated by dextran-coated 
charcoal. 

Urinary prostaglandins were measured by Dr 
Frank Burnet, John Radcliffe Hospital, Oxford. They 
were determined by radioimmunoassay after separa- 
tion by column chromatography. Results are 
expressed in terms of ng equivalents of PGE, or 
PGF;a. 

Plasma aldosterone was measured by radio- 
immunoassay after chromatography on LH20 
columns. The antiserum, raised to aldosterone 
conjugated through C3, was kindly supplied by 
Professor V. H. T. James, St Mary's Hospital 
Medical School, London. Other investigations were 
carried out by standard laboratory methods. 
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Case report 


A Caucasian boy of 4 years had presented at age 9 
months because of poor weight gain. He is the 
second child of healthy parents and there is an older 
sister aged 6 years who is well. Both parents and the 
sister have normal plasma electrolytes. Pregnancy 
was uneventful and delivery at 39 weeks' gestation 
wes normal; birthweight was 3650 g. He was slow to 
gain weight during the first 2 weeks, after which he 
appeared to progress normally. However, his weight 
of 5 kg at 3 months was just below the 25th centile 
and his weight of 6:8 kg at 7 months was only on the 
3rd centile. He was breast fed for 4} months and 
thereafter fed on cows' milk. Cereals and mixed 
foods had been added at 31 months, and from then 
on he was a ‘difficult feeder’. There had been 
frequent small vomits from birth until the age of 8 
months. He tended to be constipated during the early 
weeks of life passing hard stools every 2 to 3 days. 

When first seen at age 9 months he weighed 6-75 
kg (1 kg below 3rd centile) and was 70-5 cm long 
(50th centile). He was pale and very thin; the ears 
were slightly prominent; his eyes were blue but there 
was a small brown quadrant in the right iris; the 
wasting was of both subcutaneous tissue and muscles, 
and the latter were markedly hypotonic. The cardio- 
vascular system was normal; blood pressure 100/55 
mmHg with a 7 cm cuff. Small hard faecal masses 
were palpable in the abdomen. General develop- 
mental progress was thought to be within normal 
limits for age. Urine examination was negative for 
glucose, total reducing substances, albumin, and 
blood. pH was 7-0. 


Investigations. Plasma electrolytes at 9 months: 
K 2-4, Na 131, bicarbonate 30, urea 5-8 mmol/l 
(34-9 mg/100 ml). Urine electrolytes: K 87, Na 85, 
and CI 81 mmol/l. Blood pH was 7:59, Pco, 4:6 kPa 
(33 mmHg), and base excess 10-1 mmol/l. Two 
determinations of plasma renin activity showed 
levels of 23 100 and 27 800 pg/ml per hour (Dr M. 
Dillon: normal 50-500 pg/ml per hour). Plasma 
aldosterone was 36 ng/100 ml (0-999 nmol/l) 
(normal) and urinary aldosterone was 15 ug/24 
hours (high normal). Hb was 11-5 g/dl (79%), and 
white blood count 11:5 x 10?/1l. Differential white 
blood count and blood film were normal. 

Other investigations were calcium 2-5 mmol/l 
(10 mg/100 ml), phosphorus 1-5 mmol/l (4:64 
mg/100 ml), serum cholesterol 4-8 mmol/l (185 
mg/100 ml), triglyceride 2-0 mmol/l (177 mg/100 ml). 
Alkaline phosphatase 35-5 King-Armstrong units/ 
100 ml. Magnesium 0-8 mmol/l (1:95 mg/100 ml). 
Urinary oxosteroids (ketosteroids) 3-0 umol (0-86 
mg) per 24 hours; 17-oxogenic steroids (hydroxy- 


corticosteroids) 5-9 umol (1:7 mg) per 24 hours. 
Urine culture and microscopy were negative. Whole 
body potassium (age 14 months) showed a total K 
content of 412 mmol, equivalent to 51-2 mmol/kg 
body weight (normal). X-rays of the chest and abdo- 
men were normal and wrist x-ray showed a bone age 
of 9 months (Greulich and Pyle method). Intravenous 
pyelogram: left kidney 9-0 cm and right kidney 
8:8 cm (I SD above the mean for a height of 71 cm). 
The kidneys, ureters, and bladder were normal. 
Barium swallow was normal. Electrocardiogram 
showed changes compatible with mild hypokalaemia. 
Sweat test: Na 22 mmol/l, Cl 9 mmol/l. 


Treatment and progress. The diagnosis was suggested 
on the first electrolyte results and confirmed by the 
markedly raised renin levels in the presence of a 
normal blood pressure. Treatment was started at 11 
months by increasing the dietary intake of potassium. 
The addition of K supplements to a total of approxi- 
mately 80 mmol/day caused an encouraging but 
transient weight gain but had no effect on plasma K 
levels. Spironolactone (18-75 mg/day) was added at 
18 months and although plasma K returned to low 
normal levels, there was no effect on his poor 
growth and weight gain. Magnesium supplements 
were added at the age of 2 years 2 months, without 
obvious clinical or biochemical benefit. 

At 2 years 4 months Na intake was increased by 
the addition of 3-0 g NaCl per day. Although this 
was followed by an increase in the thirst which had 
been noted as a clinical feature during the second 
year, there was a definite increase in activity and 
well-being but no improvement in his growth, 
either in rate of weight or height gain. The added 
sodium was therefore discontinued. 

At 2 years 9 months indomethacin therapy was 
added to the increased dietary K (80 mmol/day) and 
the spironolactone (18-75 mg/day). The effect on 
symptoms and growth was dramatic. Within 2 days 
thirst and polyuria stopped and the constipation 
improved. There was a marked increase in appetite 
and general well-being. Improved growth was evident 
on the growth chart and coincided with the start of 
indomethacin (Fig. 1), which was started in small 
doses of 2-5 mg tds and gradually increased to 
7:5 mg, 5 mg, 7-5 mg daily over a 4-week period. 
Plasma K failed to return to normal levels but Na 
returned to normal for the first time after life-long 
hyponatraemia. 


Metabolic study. At age 3 years 9 months, after 12 
months of indomethacin, therapy was changed to 
ketoprofen. A metabolic study lasting 15 days was 
carried out, comprising 8 days on indomethacin 
20 mg daily, 4 days off treatment, and 3 days on 
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Fig. 1 Response of Bartter’s syndrome to potassium, 
spironolactone, and indomethacin therapy. 


ketoprofen 30 mg daily (Fig. 2). The following 
observations were made. Daily 24-hour urines for 
volume; electrolytes; prostaglandins (PGE, equiva- 
lents and PGF, equivalents); daily weight, blood 
pressure, Na and K intake: plasma electrolytes and 
urea were measured on days 3, 4, 5, 7, 8, 9, 10, 11, 12, 
13, 15: plasma aldosterone and renin activity were 
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Fig. 2 Response of Bartter's syndrome to indomethacin 
and ketoprofen. 
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measured on days 3, 4, 8, 9, 12, 13, 15. On days 5, 6, 
and 7 of the study he had mild pharyngitis, was 
generally unwell and received treatment with oral 
penicillin. 

In the 4-day period after indomethacin was stopped 
(days 9-12 inclusive), he was well but thirst increased 
from day 10 onwards. This was partially relieved after 
starting ketoprofen on day 13, but not completely 
controlled for some 6 weeks by which time keto- 
profen dosage had been gradually increased to 60 mg 
daily. 

The data derived from this metabolic study are 
given in the Table. Urine volume, Na intake and 
output, and body weight are shown in Fig. 2 and the 
marked increase in urinary output during the period 
off treatment is evident. The results of the measure- 
ment of urinary prostaglandins and plasma renin 
activities are given in the Table. Urinary prostaglan- 
dins increased approximately eightfold when indo- 
methacin was stopped and fell when ketoprofen was 
started. The rise in plasma renin activity to 85 ng/ml 
per hour on the fourth day while on indomethacin 
was accounted for by a short period of illness due to 
a throat infection. No standards for children are 
available for the present method of measuring plasma 
renin activity and all the values are high by adult 
standards (2-10 ng/ml per h). 


Discussion 


As the clinical and biochemical features of this infant 
were so strongly suggestive of Bartter's syndrome 
renal biopsy was not warranted. The dramatic 
response to indomethacin and the structurally 
unrelated prostaglandin synthetase inhibitor, keto- 
profen, confirm that the patient is producing 
prostaglandins in excess, supporting the presumptive 
diagnosis of Bartter's syndrome. As a result of 
treatment with indomethacin the child became to all 
intents and purposes normal, but his plasma 
potassium remained slightly low at 2-8 mmol/l 
despite potassium supplements and plasma renin 
activity remained raised. Both these findings may 
represent inadequate or uneven suppression of 
abnormal prostaglandin production. 

Although it has been considered from animal 
studies that ketoprofen is equipotent with indo- 
methacin, the initial response to 2:3 mg/kg per day 
of ketoprofen was somewhat unsatisfactory and the 
dose was therefore raised to 4-6 mg/kg in divided 
doses. There have been no serious side effects from 
either drug. At the moment the response to 
treatment has to be judged on height and weight gain, 
the elimination of thirst and polyuria, and the plasma 
electrolytes. In future it may be possible to monitor 
therapy by regular determination of urinary prosta- 
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glandins and plasma renin activity but at the moment 
these techniques depend on difficult radioimmuno- 
assays which are not generally available. 

The nature of the prostaglandin abnormality in 
Bartter’s syndrome remains controversial. Gill ef al. 
(1976) measured urinary prostaglandin E, and F% in 
several patients with the disorder and suggested that 
there was an increase in the urinary excretion of 
prostaglandin E, but that changes in F,x were less 
remarkable. In their hands, treatment with indo- 
methacin (100-200 mg/day) decreased urinary 
prostaglandin E,-like material by 69%. Plasma renin 
activity and urinary aldosterone fell substantially on 
the anti-inflammatory drug. Our urinary prostaglan- 
din results suggest that when therapy with indo- 
methacin was stopped, prostaglandin E, increased 
fivefold (as did F.«). However, the peak of prosta- 
glandin E; excretion corresponded more closely with 
the duration of relapse, whereas the excretion of 
F,« had begun to fall before ketoprofen therapy was 
started. Another major prostaglandin produced by 
the renal medulla is prostaglandin A, and this has 
been shown to be increased in the urine of patients 
with Bartter's syndrome by Fichman et al. (1976). 
Muirhead ef al. (1972) have also shown that tissue 
cultures of renomedullary interstitial cells can 
convert arachidonic acid to the three prostaglandins, 
A», E2, and F;«. 

It has been suggested that the balance between 
vasoconstriction and vasodilatation in the kidney, 
and the resulting changes in sodium handling is 
determined not by the absolute amount of prosta- 
glandin synthetase produced by the renal tissue but 
by the ratio between prostaglandin E; and E». Thus, if 
prostaglandin E, were vasodilator and natriuretic 
then E, would be vasoconstrictor and sodium 
retaining (Armstrong ef al., 1976). It is theoretically 
possible that the ratio of prostaglandin E, to E; 
could be manipulated artificially, increasing E, by 
dietary administration of arachiodonic acid or, 
alternatively, E, by the administration of dihomo- 
gammalinolenic acid (Willis et al., 1974). 

Until recently the diagnosis of this rare disorder 
was a matter of academic interest as there was no 
effective treatment. The patients often remained 
small, had serious symptoms referable to their low 
plasma potassium, and some died as a result of 
chronic renal failure (Lancet, 1976). The advent of 
specific therapy directed towards a long-term 
amelioration of the clinical syndrome makes the 
early diagnosis and treatment of this disorder 
imperative. There is now the expectation that many 
of these children will survive into adult life and avoid 
the serious consequences of their metabolic distur- 
bance, provided that they are treated with prosta- 
glandin synthetase inhibitors. 
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Factors influencing jaundice in immigrant 
Greek infants 


J. H. DREW, JEAN BARRIE, I. HORACEK, AND W. H. KITCHEN 


From the Departments of Paediatrics, and Obstetrics and Gynaecology, University of Melbourne, and the 
Royal Women’s Hospital, Melbourne, Australia 


SUMMARY A study of 887 consecutively born immigrant Greek and 220 Anglo-Saxon Australian 
infants has shown that serum bilirubin concentrations are influenced by these factors: breast feeding, 
delivery with forceps, gestation, birthweight, sex of the infant, presence of hypoxia, presence of 
blood group incompatibility, a positive direct Coombs’s test, maternal sepsis, and administration to 
the mother of promethazine hydrochloride, reserpine, chloral hydrate, barbiturates, narcotic agents, 
diazepam, oxytocin, aspirin, and phenytoin sodium. Apart from the administration of promethazine 
hydrochloride, reserpine, chloral hydrate, and quinalbarbitone sodium, only two factors, breast 
feeding and delivery by forceps, occurred with different frequencies in the immigrant Greek and the 
Australian infants. Among the Greek infants with jaundice, there were few where the cause of the 
jaundice was inapparent. The immigrant Greek and Australian newborn populations were therefore 
remarkably similar. Since differences of frequency and severity of jaundice do exist in infants born in 
Greece, this difference must be lost when the parents emigrate, and therefore an environmental factor 
must be incriminated as the causative agent for jaundice of unknown origin in Greece. 


Jaundice has been shown to be exceptionally frequent mothers who had recently emigrated from Greece 
and severe in infants born in Greece (Doxiadis ef al., and in 232 randomly selected Anglo-Saxon Austra- 
1961). Glucose-6-phosphate dehydrogenase (G-6- lian infants for comparison. Additional serum bili- 
PD) deficiency has explained only some of the cases rubin measurements were obtained after 72 hours of 
of jaundice (Fessas et al., 1962). Because of the accu- age if clinically warranted. 55 infants (43 Greek and 
mulation of cases of severe jaundice in certain 12 Australian) were excluded because of incomplete 
families (Fessas et al., 1962) and in certain areas of data. Standardised investigations of maternal and 
Greece (Valaes et al., 1969) it has been assumed that cord blood were performed. 

the unknown contributing factor in the remaining Maternal blood investigations were ABO group, 
cases was intrinsic and probably genetically de- Rhesus type, antibodies against major red cell 
termined. The findings in immigrant Greek infants antigens, Hb, red cell count, packed cell volume, 
born in Australia of no increased incidence or mean corpuscular volume (MCV), and G-6-PD 
severity of jaundice when compared to Australian assay. In the Greek mothers if Hb was <10 g/dl, 
infants (Drew and Kitchen, 1976a), of no effect of and/or the mean corpuscular Hb was <27 pg, 
parental birthplace within Greece on serum bilirubin and/or MCV was <81 u’, additional investigations 
concentrations (Drew and Kitchen, 1976b), and of were made of blood film, reticulocyte count, serum 
G-6-PD deficiency having a less than expected effect iron, and HbF and A,. 


on severe jaundice (Drew ef al., 1977), led us to Cord blood investigations were ABO group, 
study the factors which influence jaundice in Rhesus type, direct Coombs's elution of antibodies 
Australian and immigrant Greek newborn infants. against major red cell antigens, Hb, and G-6-PD 

screen. Serum bilirubin was measured in capillary 
Methods blood samples by a modification of the method of 


"E.A Malloy and Evelyn (1937). G-6-PD screen was 
Serum bilirubin was measured at 48 and 72 hours Of performed using the method of Smith and Whiteside 
age in a consecutive series of 930 infants born to — (1975), which allows for the effect of red cell aging 
Received 18 April 1977 upon the enzyme activity by calculating the ratio of 
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G-6-PD activity to the activity of a second enzyme, 
6-phosphogluconate dehydrogenase. 

Correlations by three separate statistical tests 
(Pearson, Kendall and Spearman, Nie ef al., 1970) 
were sought between serum bilirubin concentrations 
and gestation, birthweight, birth order in family, 
sex, mode of delivery, presence of hypoxia, Apgar 
score at 1 minute, breast or artificial feeding, history 
of a sib with neonatal jaundice, presence of maternal 
sepsis, haematological results of the mother, serologi- 
cal results of mother and infant, and drugs adminis- 
tered to the mother in labour ward. The distribution 
of these parameters in the Greek and Australian 
infants was determined to see if a bias of any factor 
occurred. Infants with factors shown in the first 
order correlation to cause jaundice were then 
excluded from both the Greek and Australian popu- 
lations, as were infants with G-6-PD deficiency. The 
remaining infants were labelled those in whom no 
known cause for jaundice existed. These two groups 
were then compared. 


Results 


No statistical correlation with neonatal jaundice was 
found for birth order, Apgar score at 1 minute, 
history of a jaundiced sib, delivery by caesarean 
section, abnormalities of maternal haematological 
screen, and maternal administration of chlorpro- 
mazine hydrochloride, prochlorperazine, general or 
local anaesthesia, sulphadimidine, penicillin, and 
ampicillin. The factors which influenced jaundice 
and the incidence of each in the Greek and Australian 
infants are shown in Table 1. The only differences 


between the two populations were found in fre- 
quency of breast feeding, forceps delivery, and 
maternal administration of promethazine hydro- 
chloride, reserpine, chloral hydrate, and quinal- 
barbitone sodium (Table 1). In Table 2 the two 
groups of infants are compared in whom the cause 
for the jaundice was inapparent. The only difference 
between the groups was in the incidence of such in- 
fants: 48 of 887 (5%) Greek infants compared to 
35 of 220 (16%) Australian infants (P<0-05). 


Discussion 


Studies of infants born in Greece suggest that 
jaundice during the newborn period is exceptionally 
frequent and severe (Doxiadis er al., 1961). A study 
of infants born in Australia of recent Greek immi- 
grant parents failed to show an increased incidence 
or severity of jaundice in those infants when com- 
pared to Australian infants (Drew and Kitchen, 
1976a). We decided to study which factors influenced 
jaundice and found that the following affected 
bilirubin levels (Table 1) breast feeding, forceps 
delivery, gestation, birthweight, sex, blood group 
incompatibility, presence of hypoxia, presence of 
maternal sepsis, and maternal administration of 
promethazine hydrochloride, reserpine, chloral 
hydrate, barbiturates, narcotic agents, diazepam, 
aspirin, phenytoin sodium, and oxytocin. 

Of these factors, only 6, forceps delivery, breast 
feeding, and the use of promethazine hydrochloride, 
quinalbarbitone sodium, chloral hydrate, and 
reserpine, occurred with different frequencies in the 
Greek and Australian infants. Maternal drugs have 


Table 1 Factors influencing jaundice at 48 and/or 72 hours of age and incidence of each 

















Correlations Infants Significance 
of different 

Pearson Kendall Spearman Total Australian Greek incidence 
Factor (r) (r) (r) no. (n) C75) (n) (%) (x?) 
Breast feeding 0-0671 0-046t 0-0561 643 60 (27) 583 (66) P —0-001 
Promethazine hydrochloride —0-0571 —0-043t —0-052 492 80 (36) 412 (46) P —0-01 
Reserpine —0-086t —0-075t —0-083t 34 14 (6) 20 (2) P —0-01 
Forceps delivery —0-086t —0-078t —0-0957* 213 29 (13) 184 (21) P —0-02 
Chloral hydrate — 0-040 —0-037t —0-045 168 22 (10) 146 (17) P —0-02 
Quinalbarbitone sodium —0-0581 —0-052+ —0-063 83 24 (11) 59 (7) P<0-05 
Decreasing gestation —0-132* —0-154* —0:215* 1102 — — NS 
Decreasing birthweight — 0-043 —0-041f —0-0601 1104 — — - 
Female infant 99.000t 0-103t 0:125t 528 98 (45) 430 (49) "^ 
Hypoxia 0-082t 0-087t 0- 106+ 112 22 (10) 90 (10) i 
Blood group incompatibility 0-062t 0-055t 0-067t 235 47 (21) 188 (21) 
Coombs’s test positive 0-029 0:0641t 0-078t 53 12 (6) 41 (5) bs 
Maternal sepsis 0-008 0-046t 0-0561 92 18 (8) 74 (8) = 
Pethidine hydrochloride —0-074t —0-048t —0-059t1 811 153 (70) 658 (74) " 
Heroin —0-072t —0-069+ —0-084t 160 29 (13) 131 (15) s 
Diazepam 0-044 0-045t 0-035 94 23 (11) 71 (8) ss 
Phenobarbitone sodium — 0-049 —0-0421 —0-052 70 16 (7) 54 (6) " 
Oxytocin infusion 0-0591 0-014 0-017 116 28 (13) 88 (10) x 
Aspirin —0-038 —0-0361 — 0-043 171 27 (12) 144 (16) 2s 
Phenytoin sodium —0-078t —0-072t —0-074t 37 10 (5) 27 (3) ee 


*P<0-001; tP<0-02; 1P —0-05; NS=not significant. 
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Table 2. Infants with no known cause of jaundice: comparisons with each other and the total populations 


Greek infants 





Australian infants 





nn Rao 


Total population 
(n= 887) 

At 48 hours of age 

Mean serum bilirubin (mg/100 ml) 7°34 


No. with bilirubin (mg/100 ml) 
0-11:9 h 809 


12 or above 78 (9) 
At 72 hours of age 
Mean serum bilirubin (mg/100 ml) 8-30 
No. with bilirubin (mg/100 ml) 

0-11-9 722 
12-15-9 139 (16) 
16-19-9 21 (2) 
20 or above 5 (1) 

No. of infants with bilirubin 
determined on 
Day 4 128 (14) 
c B 90 (10) 
» 5 67 (8) 
m 41 (5) 
Treatment required 
Nil 866 (98) 
Exchange transfusion 12 
Phototherapy 9 


No known cause No known cause Total population 
(n=48) (n=35) (n=220) 
6°75 6:99 6-79 
47 32 202 

1 (2) 3 (9) 18 (8) 
7-70 7°25 7:75 
42 28 169 

6 (13) 6 (17) 43 (20) 
—_ 1 (3) 6 (3) 
— — 2 (1) 
8 (17) 6 (17) 35 (16) 
4 (8) 5 (14) 27 (12) 
4 (8) 5 (14) 24 (11) 
5 (10) 3 (9) 12 (6) 
48 (100) 35 (100) 209 (95) 
in — 5 
— — 6 


2 —— ——— —— ———— 


Numbers in parentheses are percentage values. 


Conversion: Traditional units to SI—Bilirubin: 1 mg/100 ml 217-1 pmol/l. 


been shown to alter serum bilirubin concentrations, 
but their effects were only marginal (Drew and 
Kitchen, 1976b). It is unlikely then that administra- 
tion of the above four drugs would significantly bias 
the Greek infants. This leaves two factors. One of 
these (use of forceps) resulted in less jaundice and the 
other (breast feeding) in raised serum bilirubin levels. 
Delivery with the aid of forceps and breast feeding 
were both more common in the Greek population 
and these may have a selective influence on 
jaundice in the Greek infants. However, it must be 
concluded that the immigrant Greek and Australian 
communities were remarkably similar in factors 
causing jaundice. 

Work in Greece has shown that the high incidence 
of jaundice occurred in children born in certain 
areas (Valaes ef al., 1969) and to certain families 
(Fessas et al., 1962). These infants comprised a group 
in whom known causes of jaundice were excluded. 
Because of the grouping of cases the unknown agent 
was postulated to be intrinsic and probably geneti- 
cally determined. Such a group of infants should 
then exist in Australia. By the finding that recent 
Greek immigrants fail to bring the causative agent to 
Australia suggested the agent was environmental 
(Drew and Kitchen, 1976a). To test this we deter- 
mined whether a significant group of Greek infants 
without an obvious cause for jaundice existed in 
Australia. A genetic cause would indeed be most 
likely if this group existed. However, our study failed 
to show that such a group exists. In fact, fewer cases 


of jaundice of no apparent cause were found among 
the Greek than among the Australian infants. The 
Australian and Greek infants were remarkably 
similar, and since differences exist in Greek infants 
born in Greece, an environmental factor must be 
incriminated as the causative agent for jaundice of 
unknown origin. 
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Simple method for measuring oxygen consumption 


in babies 


O. R. C. SMALES 


From the Department of Child Health, University Hospital and Medical School, Nottingham 


SUMMARY A simple open-circuit method for measuring the rate of oxygen consumption in the neo- 
natal nursery is described and preliminary results on 240 infants reported. The findings are consistent 
with previous studies using closed systems and artificial environments. The variation between one 
infant and another was great, which makes it difficult to predict for any one infant the thermal 
environment at which the rate of oxygen consumption will be minimal. 


There have been a number of studies showing the 
importance of keeping sick or preterm infants warm, 
and many reports describe the thermoregulatory 
responses of a variety of newborn infants to changes 
in environmental temperatures. Unfortunately, most 
of these studies have been made in experimental and 
therefore artificial environments, although they are 
still the best guide currently available to the ambient 
temperatures at which to set incubators or maintain 
room temperatures in nurseries. However, we still 
have no method of knowing whether or not the sick 
or preterm infant in the nursery is feeling comfortably 
warm, for they may neither sweat appropriately 
when they are hot, nor shiver when they are cold. 
Also, as they can vary their rate of heat loss by 
evaporation or their rate of heat production by non- 
shivering thermogenesis, their body temperatures, 
which are often used by nursing staff as an index of 
thermal comfort, will not indicate if the infants are 
reacting to an inappropriately hot or cold environ- 
ment. 

In order to investigate the thermoregulatory 
responses of infants in a clinical setting, an open- 
circuit method was devised that only minimally 
interfered with the infant and his thermal environ- 
ment. The technique is here described and some 
preliminary results given. 


Methods 


Air is passed at a known flow rate through a soft, 
plastic face mask secured over the infant's nose and 
mouth, and the oxygen content of the outflow 
measured. The rate of O, consumption is the product 
of the rate of flow and the difference in O , concentra- 
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tion in the inflow and outflow gas. Volumes are 
corrected to standard temperature and dry pressure. 


The system (Fig. 1). The paramagnetic O, analyser 
(Servomex OA250) was calibrated with room air and 
a standard gas mixture (about 18% O») before and 
after each measurement. Air flow was measured with 
a flow meter (GEC Elliott 1100 Rotameter) and held 
at 1 l/min. The air was warmed and humidified by a 
Vickers Cascade Humidifier after passing through the 
flow meter. 

The accuracy of the method depends on the accu- 
racy of the flow meter, the O, analyser, the standard 
gas mixture, and the absence of leaks. The flow 
meter was tested by the manufacturers in the range 
0-5-1-0 l/min, and its ‘probable error’ at 760 mmHg 
atmospheric pressure and 15°C using dry air was 
+3-3%. A correction factor was applied for changes 
in operating temperature and pressure. Checks 
against a calibrated spirometer confirmed this 
accuracy. The O, content of the standard gas was 
certified correct to within 0-1% by the suppliers 
(British Oxygen Co.), and again this was also con- 
firmed by analysis with a Haldane apparatus. The 
reproducibility of the O, analyser and recorder was 
tested by repeated determination of the difference in 
O. concentration between room air and the standard 
gas. On 10 determinations the coefficient of variation 
was 0-45. 

The integrity of the complete apparatus was tested 
using known O, concentrations. Serial dilutions of 
air with nitrogen were made with both gases delivered 
by flow meter to a constant total flow rate of 1 l/min. 
The theoretical O, content was compared with that 
calculated from the recorded percentage O, content 
of the mixture. The correlation coefficient was 0-99, 
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Method 
Vo» (STP) = Vs (Fios > Fs0,) (STP) 
Voz = Rate of oxygen consumption 
Vs = Air flow ml/min 
Fios = Concentration of oxygen in inspired air 
Fs02= Concentration of oxygen in expired air 


The method was also assessed by direct comparison 
with a closed-circuit O, consumption apparatus. The 
O., consumption of a 3-02 kg rabbit was first deter- 
mined by the closed-circuit system. The appaiatus 
was then modified to the open circuit and the measure- 
ment repeated. The ambient temperature was within 
0: 5?C for each pair of recordings. Five paired results 
were obtained. The mean variation was 4:2°%%. 
During preliminary studies the CO, concentration 
of the mixed expired gas did not exceed 1%, in- 
dicating that at a flow rate of 1 l/min no significant 
rebreathing occurred. 


Patients 


In this preliminary investigation, 376 measurements 
were made in two circumstances. In the first series, 
124 measurements were made on 100 infants nursed 
in cots; disposable nappies were used and the infants 
wore a nightshirt and were covered by a sheet and 
cellular blanket. The nursery room air temperatures 
ranged between 25 and 29°C. All the infants had 
been transferred to the Department of Neonatal 
Medicine because of some problem, commonly low 
birthweight. 

In the second series, 252 measurements were made 
on 141 infants nursed in incubators (Vickers 59 or 


source 


79). These infants were naked apart from nappies. 
Incubator temperatures were selected by the nursing 
staff so that the operative environmental temperature 
should be close to the lower critical temperature 
according to the values reported by Hey (1971). 
Servocontrol was not used and the relative humidity 
was 50—55 %. In 95 infants the incubator temperature 
was deliberately reset, either up or down, and a 
measurement made at least 20 minutes after the 
temperature had stabilised. The measurements were 
made 1 hour after an intermittent feed or during 
continuous intragastric feeding. O, consumption 
was measured continuously for 20-30 minutes in each 
instance. The infants were usually asleep, recordings 
on restless infants being excluded from this report. 
For the incubator-nursed infants the operative 
environmental temperature was calculated by 
subtracting 1°C from the air temperature recorded in 
the canopy of the incubator for each 7? difference 
between incubator and room temperature (Hey and 
Mount, 1967). 


Results 
The rates of O, consumption (VO) of infants in the 


nursery are shown in Fig. 2. They are consistent with 
previous published reports and show the well des- 
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Fig. 2 O, consumption rate of cot-nursed babies at different room temperatures according to age. e — babies 


weighing 72:5 kg; O- babies weighing — 2:5 kg. 


cribed phenomenon of an increase in VO, with age; 
they also show a wide range in rates in infants of 
similar weight and age nursed at apparently similar 
ambient temperatures. From single measurements 
it is not possible to state whether the infant is re- 
sponding to a cool or a warm environment. There 
was no apparent difference between infants of dif- 
ferent maturity or body weight when the results 
were expressed per kg body weight. 

The rates of O, consumption of infants in incuba- 
tors are shown in Figs. 3 and 4. Again the results are 
in the range of previously recorded values. The effect 
of deliberately reducing the incubator temperature 
did not stimulate as large an increase in O, con- 
sumption as might have been expected from previous 
reports, but this may be due to differences in tech- 
nique. In general, when the incubator temperature 
was increased, O, consumption rate fell, suggesting 
that the nurses elected to hold the infants in slightly 
cool environments. The minimal rates of infants in 
incubators were lower on average than those of 
similar age and weight nursed in cots. This may be 
due to the cot-nursed infants having on average a 
higher minimal rate, or to a relatively cool ambient 
temperature. 

The wide variations in O, consumption rates did 
not appear to be related to colonic temperature in 
either group, suggesting that body temperatures are 
not a useful guide in a clinical setting to the infant's 


response to environmental temperatures, except a. 
the extremes of the range of thermal control. 


Discussion 


A simple open-circuit method has been used to 
measure rates of O, consumption in preterm and 
term infants nursed in either cots or incubators in a 
busy department of neonatal medicine. The values 
are consistent with those found in experimental con- 
ditions on both naked (Hey, 1969) and clothed (Hey 
and O'Connell, 1970) infants. The infants showed 
the predicted increase in rate with age (Brück, 1961; 
Hill and Rahimtulla, 1965; Scopes and Ahmed, 
1966). However, the increase in rate with lower air 
temperatures was not as large as was expected from 
previously reported values (Brück, 1961; Hill and 
Rahimtulla, 1965; Hey, 1969). This may be due to a 
number of factors either individually or combined to 
varying degrees. The calculated operative environ- 
mental temperature makes only a crude estimate of 
those surrounding temperatures which will deter- 
mine radiant and convective losses, and makes no 
allowance for conductive losses through the surface 
on which the baby is lying, thus the calculated 
operative temperatures will differ in different 
studies. 

Infants in the published experimental observa- 
tions would be selected to the extent to which it was 
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Fig. 3 O, consumption rate according to operative environmental temperature in incubator-nursed babies 
during the first 48 hours of life. Left: babies —2-5 kg. Right: babies 2-5 kg. Circles, measurements made at 
temperatures selected by the nursing staff during routine nursing; triangles, measurements made at least 20 minutes 


after an alteration of incubator temperature. 
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Fig.4 O, consumption rate according to operative environmental temperatures in incubator-nursed babies weighing 
<2-5 kg at 3-6 days and 7-14 days of age. O — measurements made at temperatures selected by the nursing staff 
during routine nursing; /\ =measurements mad? at least 20 minutes after an alteration of incubator temperature. 
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considered safe to take them from their incubator 
or cot for the period of observation, and thus it is 
likely that they were selected for their general well- 
being, and this again will affect their O; consumption 
rates and response to cold environments. In these 
studies the inspired air temperatures were kept con- 
stant and this itself may modify the infant's response 
to cold, for the upper airways of newborn infants 
have been shown to be very sensitive to ambient 
temperature changes (Mestyán ef al., 1964; Priby- 
lova, 1971). The variation in responsiveness to cold 
exposure may also be due to variations in the general 
well-being of the mother before birth, for in experi- 
mental animals this has been shown to influence the 
response of the newborn (Edson and Hull, 1977), 
and may also be due to the conditions under which 
the infants are nursed before the study. 

The most striking feature from the clinical manage- 
ment point of view is the wide ranges of metabolic 
rates in infants that appear very similar with respect 
to age, weight, gestation, and clinical well-being. The 
appropriate incubator temperature for an infant with 
a minimal rate of oxygen consumption of 6 ml O,/ 
kg per min is likely to be different from that of an 
infant producing heat at a rate reflected by an oxygen 
consumption of 10 ml O;/kg per min. The factors 
determining these variations require investigation 
for they must be taken into consideration not only 
in the control of the ambient temperature, but also 
in calculating the appropriate food requirement. The 
variation is unlikely to be due to postprandial 
changes observed by Brooke et al. (1973) in older 
infants, for the measurements were always made one 
hour after a feed. Fluctuations in rates have been 
observed during the different sleep states in infants 
(Stothers and Warner, 1977), but again not to a 
magnitude to explain the differences seen in this 
study. Some of the scatter might be reduced if allow- 
ances could be made for variations in active cell mass 
(Bhakoo and Scopes, 1971). The aim of this study 
was at a more practical level, to discover to what 
extent averages obtained from experimental observa- 
tions can be used in a clinical setting to keep rates 
of O, consumption at a minimum. 

The results of this simple method for measuring 
O, consumption in the newborn are similar to 
average published values for groups of infants at 
various weights and postnatal ages, but there is con- 


siderable variation between individual infants. 
Therefore it is important that the nursing staff con- 
tinue to be very sensitive to the needs of individual 
infants for warmth and to be allowed to adjust the 
ambient conditions appropriately. 
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Thermoregulation in babies immediately after birth 
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SUMMARY The fall in body temperature that occurs in babies soon after birth is influenced by the 
baby's weight and its environmental conditions. The rate of oxygen consumption 13 hours after 
birth was unrelated to body temperature and was only slightly raised, indicating a limited thermo- 
genic capacity. A radiant heater effectively prevented cooling in babies kept with their mothers in the 
delivery room. Washing soon after birth caused a significant cooling. Healthy term babies were found 
to have a limited thermogenic response to a cool environment over the first 12 hours of life and 
efforts to limit heat losses should be concentrated on this period. 


Under normal delivery room conditions the new- 
born baby's body temperature falls rapidly unless 
efforts are made to prevent cooling. The baby's 
large surface area in relation to volume, high thermal 
conductance, and wet surface result in unusually 
large heat losses. In normal term babies, a metabolic 
response to cooling is reported to occur within 
minutes of birth but is insufficient to maintain body 
temperature until the second or third day of life 
(Brück, 1961; Hey and Katz, 1969). Both hypoxia 
and hypercapnia can limit this response and these 
may be relevant factors in the period immediately 
after birth (Stupfel, 1959; Scopes and Ahmed, 
1966). 

Although most obstetric units have a clear 
procedure for managing the newborn baby, there is 
no generally accepted policy for minimising heat loss. 
Washing the baby soon after birth is likely to lead 
to further heat loss, but it is often considered 
desirable on social grounds. By measuring the rate 
of oxygen consumption and body temperature, we 
have studied both the effects of washing the baby and 
the value of using a radiant heater during the first 
13 hours of life and have found, contrary to previous 
reports, that infants have a limited capacity to pro- 
duce extra heat over the first few hours of life. 


Patients and methods 
Forty normal term babies delivered vaginally 
without complications were studied 14 hours after 


birth. In 19 no sedation had been given to the mother 
within 2 hours of delivery and in the remainder 
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pethidine or pethidine and promethazine had been 
used. The condition of every baby was good at 
birth (Apgar score 8 or more at 3 minutes) and after 
aspiration of the oropharynx the baby was dried and 
placed well wrapped in a cot in the mother's delivery 
room at an air temperature of 24-1 ^C--0-2 (SEM). 
Half the babies were provided with additional 
warmth from a radiant heater (Vickers). This is a 
fixed output 400 watt radiant heater positioned 
0:8 m above the cot surface. The babies were dressed 
in a nappy and nightshirt and swaddled with two 
blankets while under the heater. At about 50 minutes 
after birth half the babies were also subjected to the 
*primary toilet procedure in which the naked baby 
is cleaned with warm swabs. The procedure took 
between 10 and 20 minutes. 

The 40 babies included in this part of the study 
were therefore studied sequentially in 4 groups: 
group 1 were washed and not kept under a radiant 
heater; group 2 were not washed and not kept 
under a radiant heater; group 3 were washed and 
kept under a heater; group 4 were not washed and 
kept under a heater. 

At 14 hours of age the baby's rate of O, consump- 
tion was measured using an open circuit system 
designed for use in the neonatal nursery (Smales, 
1978). A mask applied to the baby's face for collec- 
tion of the mixed expired gases caused only brief 
restlessness and it was possible to make all measure- 
ments during sleep or quiet wakefulness. A stable 
record of the oxygen content of mixed expired gas 
could be obtained within 10—20 minutes. After this 
procedure the baby's rectal temperature was record- 
ed using a standard mercury thermometer inserted 
3 cm into the rectum. 


In the second part of the study the rate of O; 
consumption was measured in 32 normal term babies 
after 20 minutes in a cool environment. All the 
babies were normal vaginal deliveries and were 
tested only once, at different ages and at a variable 
time in relation to their feeds. The temperature of 
the cool environment was 6 °C below the lower limit 
of the thermoneutral zone as determined from 
Hey's chart (Hey, 1971). This environment was 
produced by modifying the incubator temperature 
to allow for radiant heat loss (Hey and Mount, 
1967). After 20 minutes the baby's rate of O; 
consumption and rectal temperature Were measured. 
Maternal consent to the investigation was obtained 
in every case. 


Results 


Management in first 15 hours of life. At 13 hours of 
age the mean O+: consumption was 6:4 ml/kg per 
min--0-15 (mean -- SE). No significant relationship 
was found between the rate of O» consumption per 
kg body weight and the baby's birthweight, rectal 
temperature, room temperature, or the method of 
management (Fig. 1). Analgesics given during 
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Fig. 1 Os consumption of babies aged 1% hours 
according to the method of management (mean + SE). 


labour did not influence the baby’s rate of Os; 
consumption at this time. In contrast, rectal tem- 
perature at 1} hours was largely dependent upon 
the method of management (Fig. 2). Babies in 
group 1 who had received primary toilet without a 
radiant heater had the lowest mean rectal tempera- 
ture of 35:8 °C+0-28 (mean--SE). In group 2 
no primary toilet had been carried out resulting in 
a higher mean rectal temperature of 35-0 ^C4-0:36, 
although this increase was not significant. Babies in 
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Fig. 2 Rectal temperature of babies aged 1% hours 
according to the method of management (mean + SE). 


group 3 who had received primary toilet and had 
been warmed with a radiant heater, had a mean 
rectal temperature of 36:5 °C-+0-18, significantly 
higher than in groups 1 and 2 (P —0-05, Students’ f 
test). The highest mean rectal temperature of 36:9 
^C --0-12 was found in group 4; these babies were 
not washed and were warmed with a radiant heater, 
and their temperature was higher than in group 3 
(P <0-05). 

Birthweight ranged from 2.38 to 3:97 kg (mean 
3-26 kg --0:06) and was related to body temperature 
(P —0-01). There was no significant difference in the 
mean birthweight of each group. 

Room temperature varied between 21:5 °C and 
27-1 °C but was not found to influence the baby's 
rectal temperature. However, à radiant heater was 
found to increase the mean room temperature from 
23.1to24:6?C after 13 hours (P <0 :05). Despite this, 
there was no significant difference in the mean room 
temperature of the four groups of babies studied. 


Standardised cool exposure. The rate of O, consump- 
tion measured in 32 normal babies after 20 minutes 
in a cool incubator is shown related to the age of the 
baby in hours in Fig. 3. Since a preliminary measure- 
ment of O, consumption was not made under 
thermoneutral conditions, the response to cooling is 
illustrated using a mean minimum value derived 
from other babies of similar birthweight aged 4-24 
hours. A small but highly significant increase in O: 
consumption occurred during the first 24 hours of 
life (P —0-001). The rate of O, consumption after 
cooling was not related to the timing or amount of 
maternal analgesia, or to the baby's birthweight or 
rectal temperature. Birthweight did not influence 
rectal temperature after this period of cooling. 
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Fig.3 O» consumption after 20 minutes in a cool 

environment according to the baby’s age in hours. The 

lower line represents mean minimum O> consumption 

derived from other babies of similar birthweight aged 
-24 hours in a thermoneutral environment. 


Discussion 


It has already been established that the rapid fall in 
body temperature Occurring after birth can be pre- 
vented by drying the baby thoroughly and placing 
it in an incubator at a thermoneutral temperature. 
If resuscitation is required, a radiant heater above 
the naked baby will minimise heat loss during the 
first 30 minutes of life (Du and Oliver, 1969), This 
study has shown that a radiant heater can effectively 
maintain body temperature for an hour and a half 
while the baby is in the cool environment of the 
delivery room. Since the unit is not servo controlled, 
there may be some possibility of overheating and 
rectal temperature should be checked regularly 
when the heater is in use for longer than 14 
hours above a well wrapped term baby. 

The ‘primary toilet’ procedure resulted in colder 
babies, and the drop in temperature was most 
marked in those under radiant heaters. Washing a 
baby soon after birth clearly contributes to a fall in 
body temperature and for this reason it is difficult 
to justify this practice. The relationship between 
birthweight and body temperature indicates that low 
birthweight babies are particularly at risk. 

The low rate of O, consumption recorded at 14 
hours was a surprising finding when such a high 
proportion of babies had a low rectal temperature. 
The mean O, consumption of 6-4 ml/kg per min 
was only 20% greater than the minimum rate 
recorded by others during the first 12 hours of life 


(Brück, 1961; Hey, 1 971). Ina similar group of babies, 
Briick showed an increase in heat production of 
37% after 60 minutes at 28 °C and 108% after 60 
minutes at 23 °C. A fall in metabolic rate with 
body temperature (the Q10 effect) was not Observed 
and it is unlikely that this phenomenon is relevant in 
babies of normal birthweight with body temperatures 
above 35 °C. In the present study no relationship was 
found between body temperature and O: consump- 
tion. One explanation for the variation in response 
to cooling may be an effect noted by Brück (1961) 
and by Mestyán et al. (1962). In cold babies placed 
in a heat-gaining environment, heat production 
quickly decreases to minimum, despite a low rectal 
temperature. Subsequent studies have confirmed that 
O: consumption is predominantly a function of the 
temperature gradient between body surface and the 
environment, rather than the absolute values of 
either deep body or surface temperature (Adamsons 
et al., 1965). 

The standardised period of cool exposure was 
designed to test this, but O, consumption in this 
heat-losing environment was no greater during 
the first few hours of life than in those babies 
warmly swaddled. However, over the whole 24-hour 
period there was a highly significant increase in O, 
consumption with age. The poor response at 14 
hours is therefore not due to warming of the body 
surface but represents real limitation in the baby's 
response to cooling soon after birth. The response 
improved slowly during the first 24 hours and 
continues to increase over the first few days of life 
(Hey and Katz, 1969). 

It may be possible to show a larger metabolic 
response to cold soon after birth if the baby is 
exposed to a lower environmental temperature for a 
longer period. Brück (1961), using an environmental 
temperature of 23 °C for 60 minutes, observed the 
maximum increase in heat production at 50 minutes 
after a fall in rectal temperature. Adamsons e: al. 
(1965) recorded an O, consumption of 15-2 ml/kg per 
minute in a 3:8 kg baby at 15 °C at 21 hours of age 
and concluded that the poor thermal stability of 
newborn babies cannot be ascribed to impaired 
heat production. However, it appears that not only 
is there considerable variation in the response in the 
first few hours, but that the degree and duration of 
cooling required to produce an increase in heat 
production is greater than at any other time. i 

The increase in response observed in this study 
over the first hours indicates an increasing capability 
to compensate for situations of increased heat loss. 
Radiant heaters can provide valuable support for 
babies in the cool conditions of the delivery room, 
but unless environmental temperature is high, the 
first wash should be delayed. 


We thank Miss Travis and the Maternity Unit staff 
for co-operation, and Professor D. Hull for advice. 
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Motor nerve conduction velocities in Leigh’s 


encephalomyelopathy 
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SUMMARY Slowed motor nerve conduction velocities were found in 3 of 4 cases of Leigh's subacute 


necrotising encephalopathy. 2 of the patients 
lactic acidosis and slowed motor nerve condu 


Measurement of conduction velocity of peripheral 
nerves has greatly facilitated the diagnosis of peri- 
pheral neuropathy in infancy and childhood and has 
led to the recognition of peripheral nerve involvement 
in an increasing number of childhood disorders 
(Gamstorp, 1968). These include disorders where the 
pathology is mainly confined to the peripheral 
nervous system such as Guillain-Barré syndrome, 
peroneal muscular atrophy, and Dejerine-Sottas 
neuropathy, and those where both central and 
peripheral nervous systems are affected. Examples of 
the latter include metachromatic leucodystrophy 
(Fullerton, 1964), globoid cell leucodystrophy (Dunn 
et al., 1969), Cockayne's syndrome (Moosa and 
Dubowitz, 1970), and Fabry's disease (Kocen and 
Thomas, 1970). 4 patients with Leigh's necrotising 
encephalomyelopathy are reported, 3 of whom had 
slowed motor nerve conduction velocities. 


Case reports (Tables T4 x) 


Case 1. A 14-month-old boy presented with a history 
of episodic vomiting and failure to thrive from age 
6 months. Though development had been normal 
until then, he had made no further motor progress. 
Height and weight were below the 3rd centile. He 
was conscious but irritable, and lay with his thighs 
abducted at the hips and legs flexed at knees, but 
with upper arms abducted and internally rotated at 
the shoulders, forearms extended at the elbcws, and 
fists clenched. He was generally hypotonic but not 
overtly weak. Reflexes were present but sluggish. 
Sensation was intact. No abnormal eye movements 
or respirations were observed. 

Investigation showed a persistent ketoacidosis and 


raised blood lactate and pyruvate (see Table 2). 
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are sibs, one of whom is clinically normal apart from 
ction velocities. 


Table 1 Clinical findings in Leigh's syndrome 

Case no. 

——————— 

1 2 3 4 
Age at presentation (months) 14 30 Birth 4 
Normal early milestones + + + — 
Vomiting + + - Ea 
Failure to thrive Ed * = 
Intellectual and motor 

regression + + — 

Hypotonia -+ + — 
Abnormal eye movements — + = 
Abnormal respirations -- + - 
Extensor spasms 4 + — 
Spastic diplegia — — 4 


Motor nerve conduction velocities were slow (Table 
3). Sural nerve biopsy showed evidence of myelin 
breakdown on electron microscopy. A clinical 
diagnosis of Leigh's syndrome was made and he was 
treated with thiamine hydrochloride and glutamine 
without effect. He died 6 weeks later from a fulmina- 
ting chest infection and necropsy confirmed the 
diagnosis of Leigh's syndrome (case fully reported 
elsewhere (Moosa, 1975)). 


Case 2. A 31-year-old boy presented with a history of 
episodic vomiting and failure to thrive from age 10 
months. Development had been normal until 10 
months, and he was able to walk with assistance, but 
by 20 months he had acquired no new skills. By 30 
months he had regressed and was unable to walk. 
Height and weight were below the 3rd centile. He 
was irritable and intermittently showed rotary eye 
movements on looking upwards, which was often 
associated with irregular respirations. His fundi 
showed macular pigmentation. He was hypotonic 
but not weak and had brisk reflexes. A kyphosco- 
liosis was present. 
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Table 2 Biochemical findings in Leigh's syndrome 


TH ee IMENT —— e E E tit tiit 


Normal Case 1 


NNNM r ee se? NG 


7:35-7:47 
25-33 
—4 to —6 


Blood pH 
Pco (mmHg) 
Base excess (mmol/l) 


19-29 


0-2-1-2 
8-25 


Blood lactate (mg/100 ml) 
Blood pyruvate (mg/100 ml) 1:7 
Betahydroxy butyrate (mg/100 ml) 


Plasma alanine 
Urine alanine 
CSF protein (g/l) 0:38 
Urinary inhibitor 
RBC transketolase (units)* 55 

+thyamine pyrophosphate 58 

effect of thyamine 

pyrophosphate (%) 6 


*| unit = 1 nmol NADH formed/min per ml packed RBC. 


Case 2 Case 3 Case 4 
7:28-7:42 7-23-7:°41 7:26-7:46 
21-29 15-21 21-36 
—6 to —13 —8 to —12 —6to — 1I 
21-61 56-67 20-45 
0-4-2-2 1-4-2-4 ]1:2-3:3 
-5 — 2:4 

N 

N 
0-63 0:62 
— EE — 
58 62 
84 80 
37 37 


Conversion: Traditional units to SI—Lactate: 1 mg/100 ml « 0-111 mmol/l. Pyruvate: 1 mg/100 ml zz 113-5 pmol/l. Pcoo: 1 mmHg 7z 


0-133 kPa. 


Table 3 Motor-nerve conduction velocities in Leigh's 
syndrome 


————————————————————— 


Velocity (m/s) 





Age (m) Ulnar Posterior tibial 
DENEN M 
Case 1 14 25:0 18-5 

25:8 — 

17 26:4 18-4 

19 23-4* 17. 5* 
Case 2 29 31-0 24.0 

35 39-01 33-0F 

42 34-5 26-0 
Case 3 I 23:4 — 

5 30-0 20:4 

9 34-0 27.5 
Case 4 4 42-0 31-0 
Normal (mean +1 SD) Birth 27:7+2°4 22:2+2:4 

6 41-7+3-0 32:042°5 

12 46°1+43-0 38:24-3:3 

36 52:54-3-5 44-2--1:9 


———Máá—— H— — ———À 


*6 weeks after therapy with thiamine. 
*1 week after therapy with thiamine tetrafophoral disulphide. 


Investigation showed a persistent metabolic 
acidosis and raised pyruvate and lactate. CSF 
protein was 0-64 g/l. Motor conduction velocities 
were slow. A clinical diagnosis of Leigh's syndrome 
was made, but the urine contained no inhibitor 
substance. His RBC transketolase activity was 
énhanced 35% in vitro by the addition of thiamine 
pyrophosphate. For the past year he has received 
treatment at various times with thiamine derivatives, 
glutamine, and L-aspartate, without effect. His 
condition has continued to deteriorate. He now has 
frequent extensor spasms, has no speech, and the 
limbs are hypertonic. Both parents are well. The 
father, but not the mother, has inhibitor substance in 


his urine. They have one normal and one other 
affected child (see below). 


Case 3. A 9-month-old boy a sib of Case 2. He has 
been seen since birth and has shown no abnormal 
signs on examination and is developmentally normal 
for his age. He has, however, a persistent metabolic 
acidosis with raised blood lactate and pyruvate. His 
motor nerve conduction velocities are slow. Urine 
contains the inhibitor substance of Cooper (Pincus 
et al., 1969), and RBC transketolase activity was 
increased by 35°% with the addition of thiamine 
pyrophosphate. 


Case 4. A 4-month-old boy was born small-for-dates 
(birthweight 2200 g at term). Mother had oligo- 
hydramnios. He had a metabolic acidosis and 
transient uraemia in the first week of life. At 6 weeks 
he was noted to have spastic diplegia. He also failed 
to thrive. By 4 months he was developmentally 
retarded with height and weight below the 3rd 
centile. Abnormal rotary eye movements were 
observed intermittently, often associated with 
abnormal respirations. He had a persistent metabolic 
acidosis and raised blood pyruvate and lactate, but 
Cooper’s inhibitor substance was absent. Motor 
nerve conduction velocities were normal. He died, 
after smallpox vaccination, from a fulminating 
chest infection at 7 months of age. 

At necropsy (Dr P. D. Lewis) the tectum of 
midbrain appeared grey-brown, soft, and necrotic. 
The necrosis extended caudally into the upper 5 mm 
of periaqueductal pons and appeared to extend as a 
band 1 mm broad into the floor of the 4th ventricle. 
The mammillary bodies appeared normal. Histo- 
logically there were areas of spongy rarefaction and 
necrosis (with some preservation of neuronal 
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elements) in the centrum medianum of the thalamus, 
inferior corpora quadrigemina, substantia nigra, 
cerebral peduncles, periaqueductal grey matter, 
tegmentum of pons, floor of the 4th ventricle, and 
dorsal accessory olivary nuclei. The spinal cord and 
peripheral nerves were normal. These changes and 
their distribution are characteristic of Leigh’s 
encephalomyelopathy. 


Motor nerve conduction velocities. The ulnar and 


posterior tibial conduction velocities are given in 
Table 3 and plotted in Figs. 1 and 2. All patients 
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Fig. 1 Ulnar nerve conduction velocities in patients with 
Leigh's syndrome. Bars represent the mean +- 2 SD values 
for normal infants. 
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Fig. 2 Posterior tibial nerve conduction velocities in 
patients with Leigh's syndrome. 


except Case 4 had velocities well below that expected 
for their ages. In Case 1 the velocities were reduced 
by more than 50% and they did not change after 
treatment with thiamine hydrochloride. In Case 2 
the velocities were also reduced by about 50% but 
one week after treatment with thiamine tetrafophoral 
disulphide (TTFD) there was an improvement by 
about 307; in the velocities. Case 3 at 3i weeks age 
showed a value which is reduced by a third of the 
normal. At 9 months it is still slow. This child 
receives no treatment. Case 4 showed normal veloc- 
ities for his age. 


Discussion 


The diagnosis of Leigh's syndrome was suspected in 
all 4 cases but in only 2 of the patients was there 
necropsy confirmation. Diagnosis in the other 2 
patients however is beyond doubt because of the 
clinical and biochemical abnormalities, the presence 
of the inhibitor in one of the 2 affected sibs as well as 
one of his parents, and the absence of any other 
recognisable cause for the clinical picture. 

The presence of slowed motor nerve conduction 
velocities in 3 of the 4 patients described suggests 
that peripheral neuropathy probably occurs more 
frequently in patients with Leigh's syndrome than is 
recognised. Although evidence of demyelination in 
peripheral nerve has been found at necropsy (Reye, 
1960; Namiki, 1965; Jellinger et al., 1973), few 
reports mention motor nerve conduction studies. 
One of the 2 patients described by Robinson et al. 
(1967) had slowed motor nerve conduction while 
the other had widespread fibrillation potentials on 
electromyography. The patient described by Dunn 
and Dolman (1969) had slowed motor nerve 
conduction which returned to normal during 
remission. 

Case 3 in this report already had slowed motor 
nerve conduction velocities at 34 weeks of age. At 9 
months it was still slow although he is clinically 
normal apart from lactic acidosis. This indicates that 
the peripheral neuropathy precedes the development 
of the overt signs of the disease and may be of value 
in the diagnosis of asymptomatic sibs of affected 
patients. 

Slowed motor nerve conduction, however, is not 
found in every case of Leigh's syndrome. The one 
patient who had normal nerve conduction velocities 
also had an atypical mode of presentation with onset 
at birth, or even before birth, and development of 
spastic diplegia. It is possible that the cause of this 
child's disease was different from that of the other 3. 
The finding of slow motor nerve conduction velocity 
in these 3 patients is in keeping with evidence that 
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Leigh’s syndrome is due to an inborn error of thia- 
mine metabolism (Cooper et al., 1969), since 
peripheral neuropathy is a well recognised complica- 
tion of nutritional thiamine deficiency states. Thia- 
mine hydrochloride in pharmacological doses how- 
ever had no effect on the motor nerve conduction of 
one patient (Case 1). 

Of particular interest, however, was the increase in 
conduction velocity in Case 2 of 33 7; and 38 % in the 
ulnar and posterior tibial nerves respectively one 
week after starting TTFD. This is more than can be 
explained by the error inherent in the technique of 
nerve conduction measurement. The results of nerve 
conduction studies in this laboratory are reproducible 
(by the same observer) to within 10%. It is possible 
that the TTFD which is taken up into the nervous 
system more readily than thiamine hydrochloride, 
may have been responsible for the increase in velo- 
cities. However, the increased velocities were not 
maintained, and this may be related to the difficulty 
in maintaining adequate levels of thiamine in the 
cerebrospinal fluid from continued use of TTFD 
(J. R. Cooper, personal communication, 1975). 

Leigh's syndrome is a rare disorder but it is 
hoped that this paper will stimulate both paediatri- 
cians and paediatric neurologists to pay more 
attention to the peripheral nervous system in this 
disease, and in particular to look at possible cor- 
relations between peripheral nerve involvement and 
abnormalities of thiamine metabolism and response 
to treatment. 


I am grateful to Professor J. R. Cooper (Yale 
University) for performing inhibitor assays, to 
Professor H. Mcllwain of the Institute of Psychiatry 
(London) for the RBC transketolase assays, and to 
my paediatric colleagues for referring these patients. 
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Psychological determinants of infantile pyloric 
stenosis 


SUSAN I. REVILL and J. A. DODGE 
From the Department of Child Health, Welsh National School of Medicine, Cardiff 


SUMMARY [n order to investigate the possible contribution of maternal emotional stress to the 
aetiology of infantile pyloric stenosis, 100 mothers of affected infants, 100 ‘normal’ controls who had 
not sought medical advice at any time concerning feeding problems, and 50 mothers of children with 
spina bifida were interviewed. All completed the Life Events Inventory, which gives a quantitative 
measurement of stressful life events during a given period. In addition, the subject mothers and 
‘normal’ controls completed form A of the Eysenck Personality Inventory, the Multiple Affect 
Adjective Check list, and Linear Analogue Scales for the subjective measurement of satisfaction 
with feeding and distress caused by feeding problems. 

A highly significant difference was found between the number of items given a heavy weighting on 
the Life Events Inventory experienced by the subjects and both control groups. This was particularly 
marked during the last trimester of pregnancy. Personality assessment was very similar in all groups, 
but maternal anxiety scores were higher in the subjects than in the controls. It is concluded that 
hypertrophic pyloric stenosis occurs unduly frequently in infants of normal mothers who have been 
subjected to particularly stressful events during pregnancy. 


Previous studies of infantile pyloric stenosis have Life Events Inventory (LEI) as a standardised 
frequently noted that there is a higher incidence of measure of stress. 

this condition among first-born infants than would 

be expected (McKeown er al., 1951; Shim er al., Materials and methods 

1970; Dodge, 1975). Since the first pregnancy 
obviously has greater emotional impact on the 
mother than subsequent pregnancies, it has been 
suggested that prenatal emotional stress may act, 
perhaps by a humoral pathway, in such a way that 
the fetus is rendered more liable to develop pyloric 
hypertrophy. 

It has also been reported that there is a high 
incidence of significant emotional stress during the 
last trimester of pregnancy in women giving birth to 
a child with pyloric stenosis. In that study mothers 
were asked to recall any worries while they were 
pregnant, and analysis of the data showed a remark- 
ably high incidence of stress, greatly exceeding the 
incidence in the control subjects. Of 101 matched 
pairs, 42 of the mothers of affected babies stated that 
they had experienced stressful events during the last 
trimester of pregnancy, compared with only 8 of the 
controls (Dodge, 1972). 


The LEI is a checklist used to measure the relative 
severity of psychosocial stressors. It is a development 
of the Schedule of Recent Experiences which has 
been widely used as a psychological tool for the 
retrospective measurement of life stresses. Each of 
the 55 events on the inventory is assigned a weighting 
which reflects the degree of ‘turmoil, disturbance, 
and upheaval’ that would be caused Should that 
event befall an average person. Not all the events 
will necessarily be accompanied by negative effect. 
For example, items such as ‘Marriage’ and ‘Going 
on Holiday’ are, presumably, pleasant events, while 
others such as ‘Moving House’, ‘New Job in New 
Line of Work’, and ‘Pregnancy’ may be either 
pleasant or unpleasant, or even neutral, events. 
Weights for the items of the LEI were assigned ty 
groups likely to have experience of the events 
i involved, namely psycholo ists, psychiatrists, psy- 

The purpose of the present study — investigate chiatric deed id Eh pue of high 
further the role of prenatal emotional stress in weighted items include ‘Death of Spouse’ (86). 
mothers of infants with pyloric stenosis, using the ‘Divorce’ (75), and ‘Jail Sentence’ (75) (Cochrane 
Received 15 May 1977. and Robertson, 1973). 
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The LEI can be used both as a supplement to the 
clinical interview and as a standardised measure of 
the amount of stress that has been present in à 
person's immediate environment in the preceding 
year. For the purpose of this study, LEI items were 
termed *weighted' if they had been given a weighting 
of 60 or over in the standardisation procedure. 

The subjects were 100 mothers of children who had 
undergone surgery for hypertrophic pyloric stenosis 
(‘subject mothers’). They were interviewed while 
attending a special research follow-up clinic and had 
been contacted by personal letter some months or 
years after their child's illness. A comparison group 
consisted of 100 randomly selected mothers of 
children born at the maternity unit, University 
Hospital of Wales (‘normal controls). None had 
sought medical advice at any time concerning feeding 
problems. They were interviewed in their own homes 
as part of the follow-up to another perinatal study. 

All subjects and controls lived in the Cardiff area 
of South Wales. None of the mothers approached 
refused to co-operate with the study. In addition to 
the LEI, psychological assessment of the mothers 
was carried out using the Eysenck Personality 
Inventory, form A; the Multiple Affect Adjective 
Check List; and Linear Analogue scales for the 
subjective measurement of satisfaction with feeding 
and distress caused by feeding problems ( Revill et al., 
1976). 

In the main study the LEI, personality and mood 
tests, and rating scales of feeding difficulties and 
distress were administered to all 3 groups of mothers 
by one investigator (S.R.). The subject mothers were 
first asked if they were at all upset by any feeding 
problems during the period between birth and onset 
of symptoms, and were instructed to rate the degree 
of distress or satisfaction with feeding behaviour on 
linear analogues. The same procedure was followed 
with the ‘normal control mothers with respect to 
satisfaction or distress concerning infant feeding 
during the first 3 weeks of life. 

The subject mothers and the normal controls were 
then instructed to complete the LEI by putting a tick 
against any of the events which happened to them 
during their pregnancy. On completion of the LEI 
they were asked to specify the month of their 
pregnancy in which any events they had ticked had 
occurred. Finally, both groups were asked to 
complete the Eysenck Personality Inventory, form 
A, and the Multiple Affect Adjective Check List. 

In order to allow for the possibility that the sub- 
ject group might have been motivated to remember 
more details of the pregnancy which resulted in an 
affected child, the LEI was also administered to a 
group of 50 mothers of children born with spina 
bifida, a condition which is known to be present 


early in gestation and is therefore not caused by 
subsequent events during pregnancy. These mothers 
were randomly selected on attendance at the spina 
bifida clinic, Cardiff Royal Infirmary (‘spina bifida 
controls’), and were required to complete only the 
LEI. 

The mean ages of the groups at the time of birth 
were: subject mothers 24-8 years, normal controls 
26-7 years, spina bifida controls 24-3 years. There 
was no significant difference between any of these 
mean ages. The subject mothers were interviewed on 
average 4-9 years after the birth of the infant, the 
range being 6 months to 13 years; the spina bifida 
controls were interviewed on average 5:4 years after 
the birth, the actual age range of the children being 
6 months to 15 years; whereas the normal controls 
were subjects in another on-going study, so the 
average interval between birth and interview was 
only 6 months. 

There was no significant difference between the 
mean age of the children of the subject group and that 
of the spina bifida control group. It was thought that 
despite the greater interval between birth of the 
affected children in these two groups and the time of 
interview compared with the normal control group, 
this should not seriously affect maternal recollection 
of the ‘weighted’ life events; and that if any effect 
were produced it would be in the direction of failure 
to remember incidents and thus would tend to 
negate the original hypothesis, that stress plays a 
role in the aetiology of pyloric stenosis. 


Results 


Approximately 807; of the mothers in all groups had 
experienced at least one item on the LEI during 
pregnancy, but when only the *weighted' events were 
considered, 44% of subject mothers had experienced 
at least one such event compared with 34% of spina 
bifida controls, and only 26% of normal controls 
(Table 1). There was no significant difference 


Table 1 Percentage of mothers who had experienced at 
least one ‘weighted’ item 


Subject mothers (A) 44 
Spina bifida controls (B) 34 
Normal con.rols (C) 26 


A:B— NS; B:C- NS; A:C— NS. 


between the total number of events on the LEI 
experienced by all three groups, either throughout the 
entire pregnancy or during the last trimester of the 
pregnancy. 

However, when the number of *weighted' events 
which occurred throughout the entire pregnancy was 
considered the subject mothers had experienced 
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three times as many as the normal controls, and 
twice as many as the spina bifida controls (Table 2). 
This difference became more obvious when only the 
last trimester of pregnancy was considered, when the 
subjects experienced almost four times as many 
‘weighted’ items as the normal controls, and almost 
three times as many as the spina bifida controls 
(Table 3). Another interesting difference was found 
between the scores of the subject mothers and the 
normal controls on the Anxiety Scale of the Multiple 
Affect Adjective Check List (P<0-00001) (Table 4). 


Table 2 Mean number of ‘weighted’ events during entire 
pregnancy 


Subject mothers (A) 0-74 
Spina bifida controls (B) 0-42 
Normal controls (C) 0-27 


A:B, P —0-02; A:C, P —0-0001; B:C = N.S. 


Table 3 Mean number of *weighted' items during last 
trimester 


Subject mothers (A) 0-5 
Spina bifida controls (B) 0-2 
Normal controls (C) 0-13 


A:B, P —0-01; A:C, P —0.0001. 
Table 4 Multiple affect adjective check list anxiety scale 


Subjects (n — 100) ‘Normal’ controls (n = 100) 


Mean 7-99 6:3 
SD 2-73 2-45 P <0-00001 
SE 0-27 0-24 


————————————— 


However, there was no significant difference between 
the scores of subject mothers and normal controls on 
the neuroticism scale of the Eysenck Personality 
Inventory nor on the extroversion scale. In each case 
the mean scores were very similar and normal. 

Finally, there were no significant differences in the 
mean percentage ratings between the subject mothers 
and normal controls for satisfaction and distress 
concerning feeding. This indicates that before the 
onset of projectile vomiting in the affected babies, 
their mothers showed no more evidence of anxiety 
than the normal controls. 


Discussion 


An important point which emerges from these 
results concerns the personality dimensions of 
neuroticism and extroversion measured by the 
Eysenck Personality Inventory, where there were no 
significant differences between the subjects and 
normal controls. This is a strong indication that the 
subjects were ‘normal’ individuals who could be 


expected to react in a ‘normal’ way to a stressful 
situation. It emphasises the observation of the 
increased number of ‘weighted’ events occurring 
during the pregnancies, and particularly during the 
last trimester, of the subjects compared with the 
‘normal’ controls. The situation revealed is therefore 
not one of neurotic individuals Over-reacting to 
everyday events, but of normal people reacting to 
particularly stressful events. 

The fact that the subject mothers experienced a 
significantly greater number of ‘weighted’ events 
than the spina bifida controls implies that the excess 
of stressful events is unlikely to be due to a general 
tendency for mothers of children born with an 
abnormality to attribute the condition to some 
untoward event in pregnancy. 

The subject mothers were significantly more 
anxious than the controls during the interview. We 
interpret the heightened anxiety scores of the subject 
mothers as possibly being due to the circumstances 
of the interview. They were seen in a special clinic 
which was probably more threatening than the 
home environment in which the normal controls 
were seen. This difference of circumstance should 
not, however, have any effect on the LEI results. 

We therefore conclude that normal mothers who 
have been subjected to an increased number of 
particularly stressful events during pregnancy have 
an increased risk of giving birth to a child with 
hypertrophic pyloric stenosis. This observation 
supports the hypothesis that excessive stress during 
pregnancy might be a contributory factor in the 
aetiology of pyloric stenosis, possibly by means of a 
humoral agent. 
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Asian immigrants 
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SUMMARY Nutritional problems are very common in infants 
inadequate weaning. An Asian i 
his parents’ religious and cultural customs which affect diets. 


grants; most arise as a result of 
which takes into consideration 


Those working in multiracial areas constantly seek 
information on the dietary needs of Asian families. 
Many health workers have expressed concern that 
the traditional dietary advice offered to mothers, 
for example in antenatal clinics or after the birth of 
their child, is irrelevant because Asian families have 
different forms of food preparation and ingredients, 
and have religious customs which prevent certain 
foods being eaten. This article attempts to give 
general guidelines on the problems of feeding child- 
ren of Asian immigrant families in this country, with 
an emphasis on the different religious and cultural 
customs which affect diets. 


Breast feeding 


Bottle feeding is accepted as a legitimate or even 
desirable method of feeding by immigrant mothers 
who in their indigenous communities would not 
have considered any method other than breast 
feeding—a sad state of affairs. In some respects this 
may be a conscious adoption of the ways of the host 
community. Evans et al. (1976) in their survey of 
Asian immigrants to Wolverhampton found no 
difference in the incidence or duration of breast 
feeding for the first and the last children that were 
born in Asia. Yet only 4% of these mothers succeeded 
in breast feeding their last child born in the UK, 
and then for a mean duration of only 5 weeks, 
although 92% of their infants had been breast fed 
for a mean of 42 weeks when born in India. The 
availability of artificial milks and the ability to pay 
for them is thought to be a major factor in reducing 
breast feeding in modern urban communities. A 
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and young children of Asian immi- 
nfant should be weaned onto a diet 


newly arrived Asian mother is confronted for the 
first time with a choice of infant foods; with little or 
no professional guidance she adopts the undesirable 
feeding patterns prevalent to the local consumer 
society. 

The advantages of breast feeding—including the 
immunity conferred by breast milk and the low 
incidence of gastroenteritis in breast-fed babies— 
need not be stressed again as they have been recently 
discussed by Valman (1975). In immigrant com- 
munities general standards of hygiene may be poor 
and when this is combined with a lack of knowledge 
of the proper cleaning of feeding bottles, gastro- 
enteritis becomes an even greater danger. Evans 
et al. (1976) found that sterilisation technique was 
inadequate or nonexistent in 43% of households. 
Certainly in areas with high immigrant populations 
the admission rate for gastroenteritis is propor- 
tionately higher for immigrants than for the local 
population. It is clearly incumbent upon all to do 
the utmost to promote breast feeding in immigrant 
children. 


Weaning 


In the present context this is an important and often 
critical stage in the infant’s nutrition. The introduc- 
tion of mixed feeding should lead to the progressive 
development of sucking, spoon feeding, drinking 
from a cup, biting, and chewing. If not handled 
properly it may lead to difficulty in taking a proper 
adult diet at a later stage. Mixed feeding also pro- 
vides nutritional requirements not met by milk 
alone after the age of 4 or 5 months, such as iron- 
containing foods. Signs of hunger after his usual 
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bottle or breast feed indicate that milk no longer 
contains sufficient calories and protein to satisfy the 
demands of growth. 

While most children are weaned without problems 
and go through the various stages without many 
mishaps, more difficulties are experienced in weaning 
immigrant children than in establishing them on milk 
feeds. The weaning process and the advent of what 
might be described as the ‘junior dinners’ stage are 
frequently associated with difficulty because the 
replacement of milk feeds by an adult type of diet 
involves feeding practices unfamiliar to the immi- 
grant mother. There are only two kinds of diet in the 
Asian community: milk feeds for infants and an 
adult diet of various curries with rice and products 
made from flour, like chappatis, puris, and parathas. 
The intermediate stage of cereals and junior dinners 
which conventionally follows weaning in this coun- 
try is not a method which Asian women have been 
used to. 

Most medical workers concerned with children — 
including paediatricians, community doctors, family 
practitioners, health visitors—recommend proprie- 
tary tinned and/or packet feeds because they are 
sterile. Many of us wrongly believe that these com- 
mercial tinned foods will be readily accepted by the 
immigrant communities. To overcome their religious 
beliefs one manufacturer has even introduced 
chicken and lamb dinners, although this totally 
ignores the staunch religious beliefs of the Immigrant 
community who have arrived in this country from 
closely knit rural communities in Asia. 

In practice these children usually end up by being 
given various kinds of egg custard, rice puddings, 
and nonprotein starchy, stodgy foods based on 
dishes which are quite alien to Asian mothers. Not 
only are they denied food containing proteins and 
iron, but at a critical period in their life they do not 
get used to their natural diet. The end result is a 
2- to 3-year-old child living entirely on milk and a 
few starchy puddings. The 3-year-old girl shown in 
Fig. 1 lived mostly on milk and would not eat solids, 
including her own native dishes. Her heightand weight 
were below the 3rd centile and Hb was 6 g/100 dl. 

Why does this come about? To understand this 
one has to look at the religious beliefs of the immi- 
grant community. Orthodox Hindus are vegetarian, 
strongly supporting the adoption of Ahimsa, which 
means not-killing. Milk, yoghurt, butter, and ghee 
(pasteurised butter), and cottage cheese (panir) are 
acceptable because no killing has been involved. 
Many Hindus are strict vegetarians not eating meat, 
fish, and eggs, hence babies will not be given any 
proprietary foods with meat products. The Moslem 
religious faith is Islam which is as much a ‘way of 
life’ as a religion, and its regulations affect every 
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Fig. 1 Typical Asian child still taking bottle at the age 
of 3 years and living on milk diet only. 





aspect of living including diet and hygiene. Islamic 
customs prohibit pork products and alcohol and 
insist on ritual slaughter of meat. The meat must be 
Halal (equivalent to Kosher meat of Jews). As the 
meat products in canned foods, be they beef, 
chicken, or lamb, are not Halal, the infant is denied 
these products and is reared on milk and starchy 
foods. Fish, however, is not subject to the same 
regulations because its consumption is permitted 
by the Qurán as it is regarded as having died naturally 
when taken out of the water. 


Dietary complications 


The consequences of a diet of milk only are readily 
apparent and they relate both to the inadequate 
calorie intake and the composition of milk (see 
Table 1). Milk which supplied enough calories in 


Table 1 Composition of various milks related to an 
infant's requirements : 
EE 
Concertration per 150 ml (5 02) 
A A UNUS: SURE I coii. NK 








Daily Human Cows' Modified 
Nutrient requirement milk milk milk 
Iron 1 mg/kg 0-2 0-1 1-5 
Vitamin D 400 IU 0-6 3.5 66-0 
Vitamin C 20mg 6 2-5 7-5 
Calcium 90 mg/kg 52 188 80 
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early infancy cannot sustain the added requirements 
of growth. Hence most of the babies grow satis- 
factorily in the first 6 months of life, but between | 
and 2 years growth starts falling off (Fig. 2). 
Thereafter, there is partial catch-up. The poor growth 
between 6 months and 2 years, due to inadequate 
nutrition in the weaning period, thus resembles the 
weight pattern found in malnourished children in 
both Africa and Asia described by Farquharson 
(1976). This is not the growth of a genetically small 
race growing to its full potential. 

The other complications of a milk-only diet are 
apparent in Table 1. It is common practice among 
immigrants to use fresh cows’ milk at a much 
earlier stage than British mothers. This is a matter of 
convenience as fresh cows’ milk is delivered to the 
doorstep, and the Asian food stores, where they do 
most of their grocery shopping, do not stock tins of 
powdered milk. The iron content of cows' milk does 
not meet the daily requirement of 1 mg/kg and iron 
deficiency anaemia is almost universal among 
immigrant children. Though milk is low in vitamin 
C, one only occasionally sees the full blown picture 
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Fig. 2 Typical weight chart of an Asian infant with 
inadequate weaning. 





of scurvy. This may be because they give so many 
fruit and vegetable ‘dinners’. 

Rickets, both subclinical and clinical, is all too 
common among Asian children (Goel er al., 1976). 
The incidence of rickets in immigrant children shows 
a biphasic age distribution; they may develop it as 
toddlers, but are also susceptible to rickets in pre- 
adolescence (Moncrieff et al., 1973). All immigrant 
children should be given vitamin D supplements 
throughout their period of growth. 


Dietary advice for immigrant mothers 


What kind of diet should we prescribe for them? It is 
obvious that we cannot wean the immigrant children 
on a Western diet. We should try to use their own 
diet of curry and rice and other cereals like millets 
(jowar, bajra, ragi etc.) which they are used to. Rice 
is an acceptable digestible food. North American 
children are weaned on rice in the form of pablum 
(rice powder). 100 g dry rice provides 7-5 g protein 
and 357 calories compared to 12-2 g protein and 334 
calories obtained from wheat. Though both grains 
have lysine as a limiting amino acid, rice protein is 
richer in lysine compared to other cereal proteins and 
in this sense rice protein is superior. Rice has a 
biological value of 68 and a protein efficiency ratio 
of 2-2, compared to wheat's biological value of 65 
and protein efficiency of 1:5 (cf egg: biological value 
94, protein efficiency ratio 3:9, Gopalan et al., 1971). 

Most cereal grains are poor in minerals, and rice 
especially so for two important minerals, calcium 
and iron. However, ragi (finger millet) is very rich 
in these minerals, especially calcium, and the inclu- 
sion of this millet in the diet will go a long way 
towards making up the deficiencies of some of the 
minerals in the diet. Bajra (spiked millet) is also a 
good source of iron (Gopalan ef al., 1971). It is 
common practice for the Asian housewife to wash 
rice three to four times with large amounts of water, 
so removing a considerable amount of minerals, the 
proportion removed being greater than that re- 
moved by subsequent cooking. The B group of 
vitamins are all very soluble in water and large 
losses may thus result in the home. Experiments 
conducted under cooking conditions common in 
South India showed that half the thiamine and 
nicotinic acid that escaped the mills might be 
thrown away as domestic waste (Gopalan ef al., 
1971: Davidson et al., 1975). Losses can be reduced, 
first by seeing that rice reaches the home as clean as 
possible; this requires clean and good storage 
conditions in Asian shops. Second, by washing the 
rice only if strictly necessary, using the smallest 
quantity of water. Third, by cooking it in just 
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sufficient water so that all the water is absorbed and 
none discarded. 

What about curry ? The curry tends to be highly 
spiced and made hot with chilli powder. The wide- 
spread use of ghee and oil means that the fat content 
may be high. Curries are cooked for a long time 
which destroys the folic acid, vitamin B12, and 
vitamin C. The high oil content we will have to 
accept. The use of margarine would add a valuable 
source of vitamin D. Advice needs to be given about 
the types of margarine made purely from vegetable 
oil and this can in most cases be determined from the 
packet which will include the words 'edible vegetable 
oil’. Margarine makes a good substitute for ghee 
and if there are doubts about the taste, ghee can be 
made from a mixture of half butter and half mar- 
garine. This will not affect the curry, but will enrich 
it with the necessary vitamins. Spices will not harm 
the infant as long as chilli powder is not added. Most 
parents can be persuaded to add the chilli powder at 
the end, and to take out the infant’s portion of meat, 
chicken, or lamb before adding the chilli powder. 
Adding the chilli powder last does not affect the 
taste of the curry and makes it suitable for babies. 
However, some parents will not accept this advice, 
and they could then be asked to boil the meat separ- 
ately. The meat could be liquidised very easily as 
most Asian families own a liquidiser or can purchase 
one cheaply. Fish, being not subject to religious 
taboo, should be encouraged as most nonvegetarians 
will accept this high-class protein without fuss. The 
introduction of egg yolk will provide a good source 
of protein as well as iron. 

What about the vegetarians? There are various 
vegetable proteins which are familiar to Asian 
mothers. Table 2 lists food items high in protein 
which we should encourage Asian mothers to give 
to their infants as weaning diets. Most of the pulses 
(chick peas, bengal grams, lentils) are hard, dried 
seeds but they all can be boiled and made into a soft 
paste and given with milk. Later as the child grows 
they can be flavoured with spices (but excluding 
chilli powder). This process of weaning also helps to 
introduce the child to different tastes, so that by the 
time he is fully weaned he is able to consume a wide 
variety of foods, and eventually the diet can be 
brought in line with the dietary habits of the com- 
munity. Nonvegetarians should also be encouraged 
to use pulses. 

The nutritive properties of pulses resemble in many 
respects those of cereal grains including rice, but 
there are important differences which make pulses a 
valuable supplementary food to cereals and especially 
rice. All pulses have a higher protein content than 
cereals. Most contain about 20 g protein per 100 g 
dry weight. The biological value of pulse protein is 


Table 2 Some food sources of protein acceptable in a 
vegetarian diet 


English Hindi/ Urdu 


Bengal gram Kabuli chana 


Chick pea 
Green gram Moong dal 
Black gram Urad dal 
Arhar dal 
Red gram Toor dal 
Lentil Masoor dal 
Split peas Chane ki dal 
Fresh peas Mutter 
Baked beans Baked beans 
Soya beans Soya beans 
Broad beans Farmar fali 
Lentil flour Besan 
Cereals Anaj 
Vermicelli Siwayyan 
Semolina Sugi 
Rice Chawal 


Nuts Mewa 


——————————— ——MM 


not high owing to the low content of sulphur- 
containing amino acids, and especially low content 
of methionine, but they are useful supplements to a 
cereal diet. The lysine which is deficient in cereals 
(which are nevertheless high in methionine) is made 
good by the lysine in pulses, so that the overall 
biological value of a cereal + pulse diet is fairly good 
(Jelliffe 1968; Gopalan er al., 1971; Davidson et al., 
1975). Jelliffe (1968) in his book on infant nutrition 
in the subtropics and tropics, suggests some very 
useful food mixtures of this type which have been 
used to some extent for feeding infants in certain 
countries. Pulses are also a good source of the B 
group of vitamins (except riboflavin). More impor- 
tant, the greater part of these vitamins present in the 
seed is actually consumed. Pulses like cereal grains 
are devoid of ascorbic acid. But large amounts of 
ascorbic acid are formed on germination, hence 
sprouted pulses can provide an excellent source of 
vitamin C. The soya bean contains about 40% 
protein (twice as much as in other pulses) and also up 
to 205; fat, and its inclusion in the diet would provide 
a valuable source of protein and energy. Baked beans 
are acceptable to most vegetarians and should be 
encouraged as much as possible. 

Cheese not only provides protein, but is a useful 
source of vitamins D and B12. It is rarely eaten, more 
because the taste is unfamiliar than because of 
religious restrictions. Some pure vegetarians may not 
use it because of the rennet used in its manufacture, 
though cheese made by a different method is available 
in health food shops in this country. Cottage cheese 
(panir) is familiar and should be encouraged. 

As mentioned, prolonged cookin g of curry destroys 
folic acid and vitamins B12 and C. Vegetables (and 
these do not have to be cooked for long periods) 
provide vitamin B, carotene (precursor of vitamin A), 
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ascorbic acid, and folic acid. Cereals and pulses are 
in general totally devoid of vitamins A and C, so 
vegetables can make good two of the major defici- 
encies likely to arise in a vegetarian diet of rice, 
pulses, and cereals. Either local vegetables (kidney 
beans, spinach, broccoli, sprouts, cabbage, water 
cress) can be used or eastern vegetables available in 
most Asian shops (courgettes, aubergines, ladies 
fingers, coriander leaves, gourd, spinach, palak, 
amaranth, fenugreek leaves, drumstick leaves). Lak- 
shmiah and Ramasastri (1969) give a useful account 
of the folic acid content of various Indian foods of 
plant origin. For vegetarians, vitamin B12 can be 
supplied through eggs, cheese, and milk, and non- 
vegetarians can be encouraged to eat herrings and 
sardines. 

Fresh fruits and vegetable dinners are frequently 
taken. However, bananas require special mention: 
they contain relatively larger amounts of carbo- 
hydrate than most fruits (15-20% of the pulp 
consists of sucrose, fructose, or glucose and 1-2% 
starch) and so can act as a useful source of energy 
(Palmer, 1971). Though protein deficiency (kwa- 
shiorkor) is frequently found in children in Africa 
who eat large quantities of bananas, in this country 
small quantities provide a pleasant and attractive 
food. It is important that bananas given to children 
be fully ripe, and they can then be digested by babies 
as early as the third month. 

Unfortunately, most Asian mothers come from 
rural communities and do not speak English, hence 
every district should have a pictorial chart on wean- 
ing which health visitors can use when giving advice. 
The use of tape slide programmes with a translated 
commentary can be helpful. 


I thank Drs Paul Rayner and P. J. Pohowalla for 
help in the preparation of this manuscript. 
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Appendix 


The following are some useful feeding mixtures based 
on local available feeds and local food habits. 

(A) Gopalan et al. (1971) Nutritive Value of 
Indian Foods (quantities indicated are per child per 
day). 

(1) Rice porridge: rice 50 g; powdered roasted 
groundnut 15 g, powdered roasted greengram dhal 
25 g, sugar or jaggery 30 g. Method: cook the rice; 
add to the cooked rice the pulse and groundnut 
powders; add sugar or jaggery and cook for a few 
minutes. 

(2) Wheat-green gram laddu: whole wheat 30 g, 
greengram dhal 20 g, groundnuts 8 g, jaggery 20 g. 
Method: roast the wheat, greengram dhal, and 
groundnuts separately and powder them; mix the 
powders and make the mixture into balls with thin 
syrup prepared from the jaggery. 

(B) Jelliffe (1968) Infant Nutrition in the Subtropics 
and Tropics. 

(1) Naram-Khichri: a gruel made of three parts rice 
and one part of dhal (India). 

(2) Bengal gram brew: prepared by workers at the 
Nutrition Research Laboratories, Coonoor, South 
India, and composed of Bengal gram (Cicer arieti- 
num) powder 250 g, peeled ripe bananas 100 g, and 
jaggery (palm sugar) 70 g. 
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Short Reports 


Diagnosis of meconium aspiration 
by spectrophotometric analysis 
of urine 


We noticed that newborn infants with signs of 
respiratory distress due to meconium aspiration 
frequently pass dark urine soon after birth. In the 
most striking cases the urine has a chestnut-brown 
colour. In searching for an explanation for this the 
possibility arose that a water-soluble substance 
derived from meconium might be absorbed through 
the lungs and excreted in the urine. To investigate 
this we compared spectrophotometric measurements 
on aqueous extracts of meconium with measurements 
of urine from infants with and without clinical signs 
of meconium aspiration. 


Material and methods 


Urine passed within 24 hours of delivery by 15 
normal infants and by 12 infants with evidence of 
meconium aspiration was collected in glass con- 
tainers. Attention was given to avoiding contamina- 
tion with meconium during collection. The urine 
samples were immediately frozen at —20^C and 
protected from exposure to light. Some samples of 
meconium were preserved under the same conditions, 
and later diluted in aqueous solutions for spectro- 
photometric studies. 

Diagnosis of meconium aspiration was made only 
when the following signs were all present: evidence 
Of fetal distress; passage of meconium-stained 
amniotic fluid before delivery; an Apgar score of 5 or 
less within the first 5 minutes of life; respiratory 
distress with signs of airway obstruction; the presence 
of meconium or meconium-stained liquid in the 
trachea; and a characteristic x-ray appearance as 
described by Gooding and Gregory (1971). 

After the urine samples were thawed, we compared 
the colour of these samples with an arbitrary scale 
ranging from pale yellow to dark brown. Thesamples 
were then analysed by spectrophotometry using a 
DB-GT Beckman apparatus. The optical density 
of the samples was measured in a 1 cm light path 
cuvette against distilled water, and expressed on a 
linear scale (Fig. 14). The absorption band at about 
405 nm observed on the spectra of meconium- 
containing urine was estimated as a urinary meconial 
index (UMI) as shown in Fig. 1B. We also applied 
the spectrophotometric method to the detection of 
meconium pigment in samples of amniotic fluid 
obtained by amniocentesis late in pregnancy. 
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Results 


As shown in Fig. 1A, the absorption spectrum for a 
solution of meconium in water contains a peak at 
405 nm. A peak in the same position can be seen in 
urine from infants with meconium inhalation (Fig. 
1 B), and in samples of meconium-stained amniotic 
fluid (Fig. 1C) but not in normal urine (Fig. 1D). 
We conclude that the peak at 405 nm in urine is due 
to the excretion of water-soluble pigments derived 
from meconium. In 5 infants with meconium 
aspiration from whom serial samples of urine were 
collected, the meconial peak decreased rapidly, 
usually disappearing within 24 hours. 

Fig. 2 shows values of UMI in the two groups of 
patients. There is a clear separation between them; 
none of the normal infants had an index above 1, 
whereas all the affected infants had a higher value. 

Although darkly-stained urines always gave a high 
value for the UMI, and clear urines frequently gave a 
normal value, intermediate colours correlated poorly 
with the spectrophotometric findings. 


Discussion 


Simple inspection of urine specimens allows con- 
firmation of a diagnosis of meconium aspiration 
when it is darklystained, or rejection of this diagnosis 
when it is obviously clear. When the colour of the 
urine samples is not so clearly different, only a 
spectrophotometric study can make the distinction 
between normal and abnormal urine. 

The exact nature of the substance present in the 
meconial urines is as yet unspecified. Studies of the 
pigment composition of meconium have shown that 
several products resulting from the catabolism of 
haemoglobin could absorb light at about 405 nm, 
such as mesobilifuchsins, porphyrins, some deriva- 
tives of bilirubin (Rodriguez Garay er al., 1964). 

The value of UMI does not seem to correlate with 
the gravity of the pulmonary disorder. The test must 
therefore be regarded for the present as qualitative. 
This is not surprising, because the severity of the 
pulmonary disorders caused by meconium aspiration 
depends upon so many inter-related factors such as 
the intensity and duration of fetal distress, the 
amount and consistency of the meconium inhaled, 
the efficiency of immediate endotracheal suction in 
the delivery room (Gregory et al., 1974), and the 
thickness of the aspirated fluid. 

The differential diagnosis of respiratory disorders 
in newborn infants presents many difficulties. In the 
early stages it is often impossible on clinical or 
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C: spectrum of a meconium-stained amniotic fluid, and D: of the first urine passed by a normal infant. 
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Fig.2 Urinary meconial index (UMI)in 15 normal newborn 
infants and in 12 newborn infants with meconium inhalation. 


radiological grounds to distinguish between hyaline 
membrane disease, lung oedema, congenital pneu- 
monia, transient tachypnoea, and aspiration syn- 
dromes, and indeed several of these conditions may 
coexist. The present method of detecting meconium 
pigment in infants’ urine may help to disentangle 
these complicated situations by identifying more 
clearly one element, meconium inhalation. 


Summary 


The first urine passed by a newborn infant who has 
inhaled meconium or meconium-stained amniotic 
fluid often contains a dark-coloured water-soluble 
substance, recognisable spectrophotometrically by an 
absorption band at about 405 nm. Spectrophoto- 
metric analysis of the first urine can in this way be ` 
used to diagnose preceding meconium aspiration. 


This work was supported by the Institut National de 
la Santé et de la Recherche Médicale (INSERM). 
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Establishing demand feeding 
in hospital 


It has been suggested that infants should be fed when 
they wake up and cry for a feed, ‘demand feeding’, 
rather than according to any rigid schedule, 'clock 
feeding’ (Woody and Woody, 1966; Mac Keith and 
Wood, 1971). However, many hospitals, including 
our own, have in the past continued to feed babies 
according to a rigid schedule in the belief that de- 
mand feeding would be incompatible with ward 
efficiency. In the summer of 1975 it was decided to 
introduce demand-feeding for both breast- and bottle- 
fed babies throughout the hospital for a trial period. 
At the time of this study 65% of all mothers leaving 
the hospital were breast feeding their babies. 


Methods 


Demand feeding instructions were sent out to all the 
midwifery staff in the last week of July 1975, to be 
introduced on August 1, and was defined as follows. 
The mother was to be encouraged to pick up her 
baby whenever she felt that he was hungry and to 
offer him a feed. She was also to be encouraged to 
have her baby at her bedside at night. If a mother 
chose to have her baby looked after in the ward 
nursery (each 4-bedded maternity ward has a nursery 
for 4 cots adjacent), instructions were given for the 
baby to be brought to the mother if he awoke. In 
addition, the practice of giving formula milk feeds 
to breast-fed babies, either as complements or 
supplements, was to be generally discouraged. Where 
additional feeds were thought to be indicated, water 
was to be offered, except in the case of small-for- 
dates infants considered to be at risk of developing 
hypoglycaemia, who were to be allowed formula feeds 
in the early neonatal period. 


For the last 10 days in July all mothers, except 
those in the isolation unit, those whose babies were 
in the special care baby unit, and those whose babies 
were small-for-dates, were asked to complete detailed 
feed charts. The mothers recorded the time of each 
feed, and the number and nature of supplementary 
and complementary feeds. The charts were completed 
throughout the mothers’ stay in hospital. Because 
we were mainly interested in the effects of demand 
feeding on breast-fed babies, only the charts of 
breast-fed singleton babies were analysed. There 
were 46 such charts of which 4 were rejected because 
incomplete. 

During August all mothers (except those excluded 
as above) completed feed charts during their stay in 
hospital. Charts completed during the second half of 
August, when demand feeding had become well 
established, were analysed for comparison with the 
July charts. Of 57 breast feeding charts of singleton 
babies in this period, 2 were rejected because in- 
complete. The distribution of the remaining 55 
babies between the four maternity wards showed an 
excess of babies from one ward compared with the 
clock-fed group. In order to obtain a sample with the 
same distribution between the wards as the initial 
clock-fed sample, a group of 8 was randomly 
selected from the 20 on the ward for inclusion in the 
analysis. 

In addition, information was collected on the 
infants’ weight gain and the occurrence and severity 
of jaundice among the two groups of babies. At the 
end of August mothers and nursing staff were asked 
to record their impressions of the new ward routine. 


Results 


Parity, birthweight, and gestational age. There was 
no difference in parity between the two groups of 
mothers. The birthweights of the babies in the two 
groups were similar (clock-fed: mean 3455 -- SD 458 
g; demand-fed: mean 3535+-466 g), as were gesta- 
tional ages (39-8 - 1-4 weeks; and 40-1 2-0-8 weeks). 


Time intervals between feeds. The pattern of feeding 
was analysed according to the infants’ postnatal age 
in days. In each case the number of days was calcu- 
lated in 24-hour periods from the time of birth. The 
time intervals between feeds on the first and second 
days within each group were similar, as were the 
intervals on the 5th, 6th, and 7th days. The results 
are therefore presented in terms of these two groups 
of days, representing the beginning and end of the 
first week after birth. 

During the first and second days after birth there 
was a significant difference between the demand-fed 
and clock-fed groups in the distribution of time 
intervals between feeds (P-— 0-001 using the x? test). 


The demand-fed babies showed a much greater 
variation in the interval between feeds than the 
clock-fed babies. Only 40% of demand feeds fol- 
lowed 3 to 5 hours after the previous feeds while 
60°% of the clock feeds did so. 20% of the demand 
feeds took place after a gap of 6 hours or more 
compared with 10% of the clock feeds. There were 
also more demand feeds taking place after an interval 
of less than 2 hours compared with clock feeds 
(Fig.). 

By the 5th, 6th, and 7th days after birth there were 
no differences between the two groups. This con- 
gruence was achieved entirely by a change in the 
pattern of the demand-fed group: as postnatal age 
advanced, the group showed decreased variation in 
the time intervals between feeds (Fig.). 


Complementary and supplementary feeds. There were 
differences in the number of supplementary and com- 
plementary water and milk formula feeds given to 
the clock-fed and demand-fed groups. These diff- 
erences were most evident in the first 2 days after 
birth when the demand-fed group received fewer 
night time supplementary feeds of milk formula, and 
an increased number of supplementary water feeds 
in the daytime. 


Patterns of weight gain and jaundice in the two groups. 
The pattern of weight loss and gain was similar in 
the two groups. 17 babies in the demand-fed group 
and 15 babies in the clock-fed group had bilirubin 
levels measured because of jaundice. The peak 
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Fig. The pattern of intervals between feeds is shown for 
the clock-fed and the demand-fed babies on days I and 2, 
and days 5, 6, and 7 after birth. In the first 2 days the 
demand-fed babies showed a greater variety of time 
intervals between feeds than the clock-fed babies; by the 
end of the first week the pattern of feeds was similar for 
the two groups. 
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bilirubin level for the two groups was similar 
(demand-fed group 10-3--SD 2-9 mg/100 ml 
(176--49-6 pmol/l); clock-fed group 10:2--SD 3:2 
mg/100 ml (174454-7 »mol/l)). There was no diff- 
erence in the postnatal age at which the peak biliru- 
bin was reached in the two groups. 


Discussion 


At the beginning of August 1975 the feeding practice 
for this hospital was changed to encourage all 
mothers, whether feeding by breast or by bottle, to 
feed their babies according to the baby's demands. 
We had expected the introduction of demand feeding 
to pose difficulties in organising the normal maternity 
ward routine. Our experience of demand feeding for 
both bottle- and breast-fed babies in this hospital 
has, however, contradicted this expectation. 

In the first few days after birth demand feeding 
produced a greater variety of time intervals between 
breast feeds, but the overall tendency was towards 
feeds more widely spaced than the 4-hourly schedule 
previously used in this hospital. On the first 2 days 
after birth it was not uncommon for demand-fed 
babies to go for 7 or 8 hours between feeds; such 
babies would be wakened for a feed under a clock- 
feeding regimen. However, it was a little surprising to 
find that during the clock-feeding regimen the 
interval between feeds was far from consistently 4 
hours. Notably, by the time the infants were 5 or 
6 days old the pattern of feeds appeared to be similar 
for the demand- and clock-fed groups. The demand- 
fed babies appeared to have established a fairly 
regular pattern of feeding. 

Our efforts to discourage the practice of giving 
formula milk feeds to breast-fed babies appeared to 
be successful. Very few formula milk feeds were 
given to the demand-fed group, although these babies 
did require bottle feeds of water, either as supple- 
mentary or complementary feeds during the night 
and day. 

There were many other differences between the 
two regimens of infant feeding which were more 
difficult to measure. There was no disruption in ward 
routine as a result of demand feeding, indeed many 
midwives commented favourably that the system 
allowed them to spend more time with the mothers 
who were having difficulties with breast feeding. The 
majority of mothers likewise commented favourably, 
but the occasional mother said she would have pre- 
ferred some imposed routine from the outset. There 
were few complications of breast feeding during the 
survey and there was no indication that demand 
feeding resulted in any increase or decrease in such 
problems as sore nipples. This maternity hospital 
has now established demand feeding as the normal 
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hospital routine. This is the same conclusion as was 
reached by Illingworth et al. (1952) with one diff- 
erence: demand feeding is inappropriate for low 
birthweight and small-for-dates infants who are at 
risk of hypoglycaemia. 


Summary 


In the summer of 1975 demand feeding was intro- 
duced for all babies born at the John Radcliffe 
Hospital, where previously babies were fed according 
to a rigid schedule to fit in with ward routine—clock 
feeding. Over a 10-day period before demand feeding 
was introduced details were collected about infant 
feeds concerning 42 normal babies whose mothers 
had decided to breast feed. 2 weeks after the introduc- 
tion of demand feeding similar details were collected 
about 43 normal breast-fed babies. At the time of the 
observations 65% of all babies born in this hospital 
were being breast fed. 

Comparing breast feeding patterns, there was a 
wider scatter of interfeed time intervals in the 
demand-fed group than in the clock-fed group, over 
the first 2 days after birth. By the end of the first 
week these differences were no longer present. The 
introduction of demand feeding presented no 
problems in ward management and is now the estab- 
lished routine in this maternity hospital. 


We thank all the midwives and the mothers concer- 
ned with this study. 
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Oxidative metabolism in cord-blood 
polymorphonuclear leucocytes 


Serious bacterial infections occur more frequently 
in newborn infants than at older ages during child- 
hood. The body defences of infants have been 
studied extensively to try to explain this increased 


susceptibility to infection. Polymorphonuclear leu- 
cocytes (PMNs) provide the major defence against 
bacterial infection. The increase in oxidative metab- 
olism (OxM) that accompanies phagocytosis by 
these cells is unquestionably required for efficient 
antibacterial activity (DeChatelet, 1975). According- 
ly, many investigators have assessed postphagocytic 
OxM of PMN from newborns. Results have been 
contradictory (Strauss and Mauer, 1976). Most 
workers have failed to detect metabolic abnormali- 
ties, but decreased activity of OxM was reported in 
a few studies of both resting (Jemelin ez al., 1971) 
and phagocytic (Coen et al., 1969; Anderson et al., 
1974) leucocytes from infants when compared to 
cells from older individuals. 

Cord and venous blood from infants in the imme- 
diate newborn period contain a mixture of cells 
including transformed lymphocytes, young ery- 
throcytes, and monocytes (Prindull ez al., 1975). 
These cells are metabolically active and some are 
phagocytic. They are present in varying numbers from 
sample to sample and could theoretically influence 
experiments intended to selectively evaluate PMN 
metabolism. Leucocyte suspensions rather than 
isolated PMNs were studied in previous reports. In 
our study, OxM of isolated cord-blood PMNs was 
assessed by two techniques. Hexose monophosphate 
shunt (HMS) activity was selected because an in- 
crease in the activity of this pathway characteris- 
tically accompanies phagocytosis by normal PMNs, 
and failure to do so is invariably associated with 
PMN dysfunction (DeChatelet, 1975). The kinetics 
of OxM were measured as the rate of light emission 
by chemiluminescence, an assay related to super- 
oxide and singlet oxygen formation (Johnston ef al., 
1975) that has not been used previously to evaluate 
PMNs from infants. 


Materials and methods 


Cord blood was collected into sodium citrate 
(0:38 55 final concentration) from the placental side 
of the divided umbilical cord of healthy, term infants. 
Contamination with maternal blood was estimated 
by the acid elution technique (Dacie and Lewis, 
1968), and samples with >10% maternal erythro- 
cytes were excluded. Although rarely mentioned in 
previous reports, this precaution should be a routine 
procedure when studying cord blood. Several samples 
consisted almost entirely of maternal erythrocytes 
(and presumably leucocytes) and would have been 
assumed, incorrectly, to represent infant blood. 
PMNs were isolated by standard techniques of 
Dextran sedimentation, Ficoll-Hypaque centrifuga- 
tion, and hypotonic lysis. Final suspensions were 


a 


completely viable by dye exclusion and contained 
>90°% PMNs. Preliminary studies of OxM and 
staphylococcal killing established that cells collected 
in this manner were functionally comparable to 
those collected simply by Dextran sedimentation and 
hypotonic lysis. Venous blood samples from healthy 
adults were studied simultaneously as controls. 
The study was approved by the Committee for 
Human Investigation. 

Activity of the hexose monophosphate shunt 
(HMS) was determined by glucose -1-14C oxidation 
in 17 cord-blood samples and 9 simultaneously 
studied adult controls (Baehner et al., 1970). 
Simultaneous glucose-1 and glucose-6-14C was not 
used since the increase in glucose metabolism after 
phagocytosis is almost entirely of the glucose-1 
fraction (Iyer e£ al., 1961). Chemiluminescence was 
measured in 14 cord-blood samples and 9 controls 
with a liquid scintillation spectrometer set in the 
out-of coincidence mode during the phagocytosis of 
opsonised zymosan at a particle-to-cell ratio of 20:1 
(Johnston ef al., 1975). In agreement with other 
studies and as an important control, it was established 
that the luminescence detected was dependent in part 
on the generation of superoxide anion, because 
superoxide dismutase (Miles Laboratories, Elkhart, 
Indiana) decreased light emission by 70%, whereas 
heated enzyme or albumin did not. 

Differences between mean values were tested for 
significance by Student's ¢ test using logarithmic 
means. Values for means and standard deviations, 
however, are expressed as geometric numbers on the 
figures and in the text for purposes of clarity. 


Results 


HMS activity in both resting and phagocytic cells 
was significantly greater (0:05 — P —0-01) in cord- 
blood PMNs as compared to controls, and the in- 
crease in HMS activity accompanying phagocytosis 
was nearly identical when expressed as the phagocytic 
mean value minus the resting mean value (1:7 vs 
1:4 nmol/min per 5x 109 PMNs in cord and adult 
PMNs, respectively). However, this increase was less 
in cord-blood PMNs compared to controls (P — 0-05) 
when expressed as the ratio of phagocytic to resting 
values, a method by which data are frequently 
reported. This ratio is designated ‘phagocytic index’ 
on Fig. 1, although we recognise that this index is 
influenced by factors other than phagocytosis 
(particle ingestion) such as the concentration of a 
variety of intracellular enzymes, substrates, co- 
factors etc., that contribute to the metabolic response. 

The kinetics of chemiluminescence (light emission) 
are presented as curves in Fig. 2. The luminescence 
of resting cells could not be determined because 
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Fig. ! HMS activity of polymorphonuclear leucocytes 
from 17 cord-blood samples and 9 adult controls studied 
simultaneously is plotted. All reaction mixtures were 
prepared in duplicate and each point represents the 
average. Means are indicated by bars. Glucose-1-'4*C 
oxidation is expressed as nmol|[min per 5 x 10° PMN. 
The phagocytic index is the quotient of the value from 
phagocytic cells divided by the value from resting cells. 


light emission did not exceed background. The mean 
values for peak luminescence (highest value at any 
point on the curve) from cord-blood PMNs and 
controls (18:0 and 20-7 cmp x 104, respectively) were 
comparable (P 0-05). The kinetics, however, were 
quite different. The chemiluminescence curves of 
several cord-blood PMNs fell below the normal range 
during the later phases of the response. Accordingly, 
light emission from cord-blood PMNs and controls 
was compared at several time points after the addition 
of zymosan. No difference was found after 2, 5, and 
8 minutes of phagocytosis (P 0-05). However, after 
15 and 25 minutes chemiluminescence was signifi- 
cantly less from cord-blood PMNs than from con- 
trols (P —0-05, P — 0-025, respectively). 


Conclusions 


The basal activity of OxM in resting cord-blood 
PMNSs was at a higher level than that of adult con- 
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Fig. 2 Chemiluminescence of 14 cord-blood samples are 
plotted as individual curves. The mean and 2 S Ds of 9 
controls are indicated by the shaded area. Background 
luminescence was measured for a minimum of 5 minutes. 
Opsonised zymosan was added at time zero. 
Luminescence was quantitated at 1- to 3-minute intervals 
as counts per minute (cpm) x I0*|l x 107 PMN. 


trols when determined by HMS activity. In addition, 
cord-blood PMNs increased OxM in response to 
phagocytosis in a similar manner to controls when 
assessed by peak chemiluminescence and HMS 
activity during zymosan ingestion. These findings are 
similar to those of prior reports using mixed leuco- 
cytes or unfractionated blood (Strauss and Mauer, 
1976). Cord-blood PMNs, however, were unable to 
sustain the increased rate of postphagocytic OxM for 
as long a period of time as adult controls. This 
finding may indicate a deficiency of metabolic 
reserve in cord-blood PMNs and requires further 
study as a possible mechanism for the increased 
susceptibility to infections in newborns. 


Summary 


Polymorphonuclear leucocytes were isolated from 
cord-blood samples collected from healthy, term 
infants. Oxidative metabolism was assessed in these 


cells by hexose monophosphate shunt activity and 
chemiluminescence. Basal levels of oxidative metabo- 
lism were spontaneously increased in resting (non- 
phagocytic) cord-blood cells as compared to adult 
controls. As a response to phagocytosis, cord-blood 
cells initiated the expected increase in oxidative 
metabolism and reached normal peak values of 
activity. However, these cells were unable to maintain 
the high metabolic rate for as long a time as adult 
controls. This aberration of leucocyte function may 
indicate a deficiency of metabolic reserve and could 
be related to the increased susceptibility of newborns 
to bacterial infections. 


Supported by grant Ca-15956 from the National 
Cancer Institute and by ALSAC. 
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Case of congenital nonobstructive, 
nonhaemolytic jaundice 


Successful long-term phototherapy 
at home 


Phototherapy is the only treatment of value in cases 
of Arias type I congenital nonobstructive, non- 
haemolytic jaundice, unresponsive to phenobarbitone 
administration (Callahan er al., 1970; Gorodischer 
et al., 1970; Karon et al., 1970; Land er al., 1970; 
Altay and Say, 1973; Arrowsmith ef al., 1975). 
However, the daily duration of exposure to light 
necessary to maintain bilirubin at safe levels may be 
so long that it interferes with normal parental 
attention to the infant. Even continuous light therapy 
may not prevent a gradual rise in serum bilirubin 
level after a certain age (Karon ef al., 1970; Altay 
and Say, 1973). On the other hand, cholestyramine 
has been found to reduce the amount of photo- 
therapy needed (Arrowsmith ef al., 1975). 

We describe a case of type I congenital non- 
obstructive, nonhaemolytic jaundice, successfully 
treated at home with intermittent phototherapy 
combined with cholestyramine. Frequent determina- 
tions of reserve bilirubin binding capacity were made 
to control the safety of the treatment. 


Case report 


A boy was born after a term pregnancy. His parents 
were unrelated. 2 older sibs had a history of neonatal 
unconjugated hyperbilirubinaemia which had ap- 
peared at the 3rd day of life and spontaneously 
disappeared at the 9th and 13th days, respectively. 
Birthweight was 3:66 g and length 49 cm; Apgar 
score at 1 minute was 10. Jaundice developed on the 
second day of life, mother's and baby's blood group 
being O Rhesus positive. There was no anaemia and 
Coombs's test was negative. Maximum serum total 
bilirubin level was 29-8 mg/100 ml (509-6 mol/l) on 
the 8th day. A fall to 15 mg/100 ml (256-5 umol/l) 
occurred after the second exchange transfusion. 
Continuous phototherapy was then started and 
the serum bilirubin level was maintained at between 
15 and 20 mg/100 ml (256-5 and 342 umol/l). 
Withdrawal of phototherapy on the 15th day was 
immediately followed by a rise in serum bilirubin. 
Phenobarbitone 10 mg/kg per day was then combined 
with continuous phototherapy, but did not prevent a 
further rise in bilirubin level when phototherapy was 
stopped again after 2 weeks of combined treatment. 

He was then transferred to our department, aged 
39 days. Neurological development was normal. 
Liver-function tests were normal. Blood bromsulph- 
thalein retention was 14:127 at 15 minutes and 5:47; 
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at 45 minutes. Serum albumin was 41 g/l. Serum 
unconjugated bilirubin was 15-6 mg/100 ml (266-8 
umol/l) and conjugated bilirubin 0-6 mg/100 ml 
(10:3 umol/l). Hepatic bilirubin UDP-glucuronyl- 
transferase activity, measured in a needle liver 
biopsy specimen, was nil (control in 15 adult human 
specimens: 1:06 --0-18 «mol/g per 30 min) (Odiévre 
and Luzeau, 1971). 


Methods. Bilirubin determinations were made on 
venous blood samples, by the method described by 
Michaelsson (1961). Reserve bilirubin binding 
capacity was measured by a method using thin-layer 
chromatography (Trivin et al., 1977). The patient 
was examined at regular intervals by the same 
psychologist with the Brunet-Lezine scale. 


Results 


The results of unconjugated bilirubin determinations 
are summarised in the Table. When phototherapy was 


Table Reserve bilirubin binding capacity measured at 
hospital, then at home 





Age of Daily duration of Serum bilirubin Serum reserve 

patient phototherapy levels bilirubin binding 
(h) (mg/100 ml) (mg/100 ml) 

In hospital 

ll w 18 12-4 16-9 

16 w 18 7:6 25.4 

17 w 14 16-2 18:2 

17 w 14 16:3 17-5 

18 w 14 15-0 16-0 

19 w 12 12-9 18-8 

At home 

61 m 12 10:7 18:8 

10 m 13 16:3 18-5 

| yr 3m 12 14-5 19-5 

lyr6m 12 12:4 

1 yr9 m 12 13-0 

2 yr 12 14-6 





Conversion: Traditional units to SI—Bilirubin: 1 mg/100 ml 7 


17-1 umol/l. 


given 18 hours a day, serum bilirubin concentration 
ranged from 9:0 to 20:4 mg/100 ml (15:4—348:8 
umol/I) (mean of 27 determinations: 16:5 mg/100 ml; 
282-2 umol/l). Cholestyramine (4 g/day) supplemen- 
tation to phototherapy was associated with a highly 
significant fall in serum bilirubin level, ranging from 
7-5 to 13:3 mg/100 ml (128:3-227-4 umol/l) (mean 
of 6 determinations: 10-7 mg/100 ml; 183 mol/l) 
(P<0-001). Levels were still low during the week 
after stopping cholestyramine; then the serum 
bilirubin rose progressively to 18 mg/100 ml (307-8 
i mol/l). Cholestyramine was reintroduced and the 
bilirubin level rapidly fell to 7:6 mg/100 ml (130 
umol/l). It then gradually rose, remaining between 
11:0 and 16:5 mg/100 ml (188-282-2 mol/l), while 
cholestyramine administration continued, although 
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the duration of phototherapy was gradually reduced 
to 12 consecutive hours per day. 

The variations of reserve bilirubin binding capacity 
during treatment are summarised in the Table, 
showing that this capacity always ranged between 
16-0 to 19-5 mg/100 ml (273: 6—333- 5 pmol/]), except 
for a single measurement of 25:4 mg/100 ml (434-3 
pmol/T). 

Growth remained within normal limits, the 
patient being last examined at the age of 27 months. 
Developmental and neurological examinations were 
also normal; the developmental quotient was 100. 


Discusston 


Since phototherapy is the only effective means of 
controlling  hyperbilirubinaemia and preventing 
kernicterus in patients with Crigler-Najjar type I 
jaundice and must be continued for life, the long- 
term efficacy and safety of this therapy must be 
considered. Kernicterus may occur in patients 
receiving phototherapy because it was started too 
late, or because the serum bilirubin is not controlled, 
due to decay in light energy output from fluorescent 
tubes after 180 hours of use. Superimposed events 
such as haemolytic episodes may cause a life- 
threatening increase in bilirubin production, or may 
interfere with albumin binding of bilirubin. Further 
potential hazards include the harmful effects of photo- 
degradation products of bilirubin and harmful 


biological consequences of phototherapy to the skin’ 


and other organs. Phototherapy thus must be 
initiated under circumstances which will allow close 
monitoring of the serum bilirubin levels. Sequential 
determinations of reserve binding capacity, which 
may provide a better index of the risk of kernicterus, 
were stable in this patient throughout the study. 
Phototherapy should be limited to the minimum safe 
period. 

In this case cholestyramine administration caused 
a fall in serum bilirubin levels when first begun, but 
no rise when therapy was stopped. When restarted 
the effect was less dramatic but it did coincide with a 
fall in the duration of phototherapy required. We are 


thus unable to confirm fully. Arrowsmith’s assertion . 


(Arrowsmith et al., 1975) that cholestyramine caused 
a substantial fall in bilirubin, but have continued to 
administer it to this infant because it reduces the 
duration of phototherapy to a level which allows him 
to receive sufficient phototherapy during sleep. It is 
clearly important that such children, who face not 
only the hazard of bilirubin neuropathy but the 
emotional hazards of being persistently yellow and 
requiring such unusual therapy for life, should be 
kept in hospital for as short a time as possible. To 
deprive them of the emotional, social, and learning 


stimulation of a good home environment may itself 
cause significant developmental delay and possible 
long-term emotional sequelae. 


Summary 


Use of cholestyramine made it possible to shorten 
the daily duration of phototherapy in a case of 
congenital nonobstructive, nonhaemolytic jaundice. 
Treatment at home was therefore possible, allowing 
normal parental care. Developmental and neuro- 
logical examinations were normal at the age of 27 
months. Frequent determinations of reserve bilirubin 
binding capacity may be useful in controlling such 
management. 


We are indebted to Dr Alex P. Mowat for editorial 
help and criticism. 
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Serial lung function studies in 


cystic fibrosis in the first 5 years 
of life 


In cystic fibrosis (CF) plugging of small airways 
results in airways obstruction and pulmonary 
hyperinflation, giving rise eventually to damage to 
lung architecture. It is probable that the earliest 
lesion is in the small airways, since abnormalities of 
gas exchange may be detected before abnormality in 
tests of large airway function (Lamarre et al., 1972). 
It has been assumed that the effects of the disease 
only develop postnatally and therefore it is important 
to determine whether the lungs are functionally 
normal in early infancy. Phelan et al. (1969) measured 
lung volume and pulmonary air flow resistance in 9 
infants without clinical evidence of pulmonary 
involvement and found in 3 infants an increase in 
lung volume, and in 4 infants an increase in resistance. 
These infants were followed with physiological 
studies until 6 months of age, and Phelan e: al. (1969) 
showed improvement with treatment. 

The relationship of lung function in early infancy 
to subsequent progress is of particular importance 
with regard to ultimate prognosis and therapy. In 
the present study, a small group of infants with CF 
were studied in the first few months of life using a 
whole body plethysmograph (Howlett, 1972) and 5 
of these infants were restudied in their fifth year using 
a sensitive radioisotope lung function technique 
(Ronchetti et al., 1975). The results are presented in 
relation to the clinical status of the children at the 
time of each study. 


Subjects and methods 


The patients were either sibs of known patients, or 
presented with meconium ileus. The diagnosis of CF 
was confirmed by finding a raised sweat sodium. The 
study was in two parts. 


Part 1. In 1970-1971, 8 infants werestudied in the first 
7 months of life at Brompton Hospital. 6 of the 8 had 
presented with meconium ileus and two were sibs of 
known patients. Clinical details are given in Table 1. 
Thoracic gas volume (TGV) was measured in a whole 
body plethysmograph by the occlusion method 
(DuBois et al., 1956), dynamic compliance (C dyn) 
and pulmonary resistance (Rp) were measured using 
an oesophageal balloon with tidal flow and volume 
being recorded at the mouth. The infants were 
studied in the supine position and the results com- 
pared with data obtained from 24 healthy infants of 
similar age studied in our laboratory. 
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Part Il. In 1976, 5 of the 8 patients were available for 
restudy. The clinical course between studies is given 
in Table 1. Radioisotopic lung function tests were 
performed at Hammersmith Hospital by the method 
described previously (Ronchetti er al., 1975). 
Briefly, the patient lay supine over a gamma camera 
and a small quantity of radioactive nitrogen CSN) 
was given as a bolus into the inspired air stream. 
Information on ventilation was derived from the 
computer curves of the washout of the radioactivity. 
A bolus of !?N dissolved in saline was also given 
intravenously and because of its insolubility, left the 
pulmonary capillary blood for the alveolar gas and 
was removed by respiration. A measure of ventila- 
tion-perfusion balance was obtained from the wash- 
out curve after the intravenous injection. The results 
from this study were compared with the results from 
20 healthy lung zones in 10 children with localised 
pulmonary disease (Winlove et al., 1978). All results 
are expressed as percentages of the expected value 
for the individual child, using normal data from our 
laboratories. 


Results 


The ages and physiological data of the children at 
the time of the initial and subsequent follow-up are 
shown in Table 2. At the time of the initial study, the 
heights and weights ranged from below the 3rd to the 
97th centile and all the weights were appropriate for 
the heights. When the children were restudied, 3 of 
the 5 had increased their height centile and 2 of these 
3 had increased their weight centile. 2 of the 3 
children not retested showed a similar pattern of 
growth but the third had a falling off of both height 
and weight (Case 7). 

Respiratory symptoms varied within the group at 
initial testing: 3 had had no respiratory smyptoms 
(Cases 3, 4, 8); 3 had minimal symptoms consisting 
of occasional cough (Cases 1, 2, 5); and 2 had marked 
respiratory symptoms which had started in the 
postoperative period (Cases 6, 7). 2 of the 3 patients 
not retested remain free of respiratory symptoms and 
have clear chest radiographs (Cases 1, 8); the third 
patient is severely disabled and has a poor prognosis 
(Case 7). He had early onset of respiratory symptoms 
in the postoperative period. 

The results of the lung function tests are given in 
Table 2, which should be studied together with 
Table 1. The 3 infants who were asymptomatic 
initially had lung mechanics in infancy within normal 
limits and the 3 mildly affected infants showed 
airways obstruction (low specific conductance), 1 
having an associated low compliance. The 2 severely 
affected infants had abnormal lung function with 
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Table 1 Clinical details of the 8 patients 





Age (years) Height centile Weight centile Clinical chest involvementt 
Case no Sex Initial Follow-up Initial Follow-up Initial Follow-up Initial Follow-up 
J M 0:18 5-00 90 90 90 90 0 0 

E 

2* F 0-21 5.08 25 25 . 50 25 + + 
3* M 0-31 5:92 25 90 25 90 0 0 
4* M 0-13 5:67 3 10 3 10 0 0 
5* F 0-30 5:50 10 25 3 25 + + 
6* | F 0-48 5-50 3 10 3 3 +++ ++ 
7 M. 0:54 5°67 <3 3 3 <3 +++ ulis allia de a 
8 M 0:17 5-00 3 3 10 10 0 0 





*Patients retested. T0 » no cough; + = occasional cough; + + = moderate respiratory symptoms; + + + -+ = severerespiratory symptoms. 


Table 2 Lung function results expressed as per cent normal 





Lung mechanics in infancy 

Care no Thoracic gas volume 
Í 105 86 
2 100 104 
3 100 103 
4 95 102 
5 101 99 
6 145 77 
7 125 85 
8 101 98 
2 SDs away from normal 

mean 2110 < 86 


Specific compliance Specific conductance Ventilation washout 


Regional lung function aged 5 
Perfusion waskout 


44 
49 74 53 
75 78 62 
110 55 89 
48 78 57 
47 56 37 
65 
140 
< 56 «ói «74 





Specific compliance = Compliance/Thoracic Gas Volume. 


Specific conductance = (Conductance/Thorack Gas Volume) = (1/Resistance x Thoracic Gas Volume). 


hyperinflation, airway obstruction, and low com- 
pliance. 

At follow-up 5 years later, 2 of the 3 asymptomatic 
infants were retested (Cases 3, 4) and showed distinct 
abnormalities despite still being asymptomatic. 2 of 
the 3 who initially had mild symptoms were retested 
(Cases 2, 5) and both showed abnormal function 
despite their modest clinical symptoms. 1 of the 2 
severely affected infants was retested (Case 6) and 
showed severely disordered regional lung function 
although free of productive cough and gaining 
weight appropriate for height. 


Discussion 


The results of the study of lung mechanics in this 
small group of infants with CF were similar to those 
obtained by Phelan ef al. (1969). Airways obstruction 
and hyperinflation was evident in the more severely 
affected children and functional disturbance was 
detected even in children with minimal symptoms 
(Cases 2, 4, 5). None of our asymptomatic infants 
had any abnormality, but 3 out of 5 infants consi- 
dered asymptomatic in the study of Phelan er al. 
(1969) had thoracic gas volumes well above our 
upper limit of normal (39-1 ml/kg), which is in fact 


even a little higher than their own upper limit of 
normal. 

Our study suggests that the lungs of infants with 
CF are physiologically normal at birth but distur- 
bance of function arises even in the absence of 
clinical symptoms. In general terms, there was 
agreement between the clinical status of the child and 
both the lung mechanics in infancy and the radio- 
isotopic lung function tests at 5 years, though it is not 
possible to quantitate this owing to the small 
numbers. There was a tendency for specific conduc- 
tance to fall with mild symptoms, a low compliance 
and hyperinflation only occurring in the more 
severe cases. The ventilation and perfusion washout 
curves were abnormal in virtually every case, though 
again, the magnitude of the reduction in rate of 
washout after perfusion tended to reflect tbe clinical 
state at the time. 

It is perhaps disappointing that there was no 
physiological improvement in any patient, especially 
when all but one were maintaining their height and 
weight centile and were without persistent productive 
cough. It appears that physiological damage may be 
subclinical and that once thelungs are physiologically 
disordered, there is persistence or progression of the 
abnormality. . 


Summary 


Lung mechanics were studied in 8 infants with cystic 
fibrosis at 6 months of life and radiosotopic lung 
function was measured in 5 of them at 5 years of age. 
The children who were initially asymptomatic had 
normal lung mechanics in infancy but the 2 restudied 
later had abnormal radioisotopic lung function. The 
symptomatic children showed abnormalities in 
infancy and more marked changes later. It is con- 
cluded that the lungs in cystic fibrosis are probably 
normal initially and that damage occurs later even in 
the absence of symptoms. 
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Hyponatraemia in children with 
febrile convulsions 


In a recent study of investigations routinely per- 
formed in children admitted to hospital with a febrile 
convulsion, we found that mild hyponatraemia was 
common (Rutter and Smales, 1977). In 163 children, 
the mean sodium was 135--4 mmol/l (+SD) with a 
range of 125-145 mmol/l. 31 % had plasma Na levels 
of 132 mmol/l or less. To investigate this further, we 
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started a prospective study comparing the plasma Na 
and osmolality with the urine osmolality, looking for 
evidence of inappropriate secretion of antidiuretic 
hormone (ADH). 


Method 


Urea, electrolytes, sugar, and osmolality were 
measured on venous blood taken on admission from 
randomly selected children admitted to Nottingham 
Children’s Hospital with a diagnosis of a febrile 
convulsion. Osmolality was measured on the first 
specimen of urine passed after admission. The time 
of the urine collection was recorded. Where the time 
of the specimen was uncertain or more than 6 hours 
after admission, the child was excluded from the 
study. 


Results 


Twenty-three children were studied, one child being 
admitted on two separate occasions. Their ages 
ranged from 8 months to 5 years. Plasma Na, osmo- 
lality, and urine osmolality are shown in the Fig. 
The mean Na was 133--3 mmol/l and mild hypona- 
traemia was present in 8 cases (132 mmol/l or less). 
Details of these hyponatraemic children are shown in 
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Fig. Plasma sodium, plasma and urine osmolalities of 
23 children admitted after a febrile convulsion. 
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Teble Details of 8 children with hyponatraemia following a febrile convulsion. Those above the line show evidence of 


inappropriate secretion of antidiuretic hormone (ADH) 





Age Cause of fever Duration of fit Plasma sodium Plasma osmolality Urine osmolality Plasma urea Plasma sugar 
(min) GQnmollI) (mOsm/kg) (mOsm/kg) (mmollf) (mmol/l) 

2 yr Tonsillitis 2 132 274 662 3:6 5:3 

3 yr Tonsillitis 3 128 270 713 2:6 — 

10m URTI 3 132 271 458 6-0 9.5 

2yxr6m Measles 9 130 267 923 2:4 5 

10m URTI 5 129 275 467 2-4 — 

lyr6m Gastroenteritis 6 128 267 937 3-8 5.5 

1yr6óm Gastroenteritis 3 127 263 234 4:0 6:5 

3 yr Unknown 3 128 277 293 3:2 5:8 





URTI — Upper respiratory tract infection. 


the Table. The 10-month- old baby who was admitted 
twice was hyponatraemic on both occasions. There 
was no correlation between hyponatraemia and age 
or length of convulsion. The first 6 children fulfil the 
criteria for the syndrome of inappropriate ADH 
secretion, with a low plasma osmolality, high urine 
osmolality, and normal plasma urea (Mendoza, 
1976). 


Discussion 


We found that hyponatraemia is a common finding 
in children admitted to hospital with a febrile 
convulsion. Ín the majority of these there was 
evidence of mild inappropriate secretion of ADH. 
This syndrome is well known in childhood in associa- 
tion with bacterial meningitis (Nyhan and Cooke, 
1956), other cerebral lesions (Bartter and Schwartz, 
1967) pneumonia (Mor et al, 1975), vincristine 
therapy (Suskind et al., 1972), and after surgery. This 
is the first time, however, that it has been reported in 
children with febrile convulsions. Hayward (1976) 
has shown that there is a rise in plasma ADH after 
stimulation of the amygdala, and Ounsted (1976) has 
pestulated that this mechanism might be important 
in the child who develops febrile status. 

There is no evidence that the hyponatraemia plays 
any role in causing the convulsion. In this study and 
in our retrospective study (Rutter and Smales, 1977), 
the hyponatraemic and normonatraemic children 
were similar in age, cause of fever, and length of 
convulsion. However, itis knownthat hyponatraemia 
lowers the threshold for febrile convulsions in 
animals (Millichap, 1968) and therefore a child who 
has had a febrile convulsion and is hyponatraemic 
might be more likely to have a subsequent convulsion 
during the same illness. To see if this was so, we 
re-examined the data of children in the retrospective 
study to see who had had a further convulsion after 
admission to hospital. A higher proportion of 
hyponatraemic children (5 out of 50) had had a 


further convulsion compared with normonatraemic 
children (2 out of 113); this is significant at the 5% 
level (Fisher's exact probability test). Although the 
numbers of children who had subsequent convulsions 
were small and the data were collected retrospectively, 
it is likely that hyponatraemia following a febrile 
convulsion might predispose a child to a further 
convulsion during the same illness. Hyponatraemia 
in association with inappropriate ADH secretion is 
best treated by fluid restriction. It seems reasonable 
therefore that if a child is admitted to hospital after a 
febrile convulsion and is not dehydrated, then an 
excessive fluid intake should be avoided. Such a 
policy, however, might be dangerous in a child 
treated at home. 


Summary 


In a study of 23 children admitted to hospital with a 
febrile convulsion, mild hyponatraemia was found on 
8 occasions. In 6 of these cases there was evidence of 
inappropriate secretion of antidiuretic hormone. The 
hyponatraemia is unlikely to be the cause of the 
convulsion, but probably predisposes the child to a 
subsequent convulsion during the same febrile illness. 


We thank Professor D. Hull, and Drs A. D. Milner, 
P. Barbor, and D. J. Johnston for permission to 
study their patients. 
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Diagnosis and treatment of 


Pneumocystis Carinil pneumonia 

Sir, 

Lipson e: al. (1977) report success in all 7 of their patients 
with Pneumocystis carinii pneumonia treated with 
cotrimoxazole alone. We would like to make some 
cautionary observations based on a successfully treated 
child. 

A 4-year-old girl with acute lymphoblastic leukaemia in 
remission for 15 months was seen at a routine follow-up 
clinic. Although symptom free, she appeared slightly 
cyanosed and tachypnoeic and a chest x-ray showed 
diffuse changes. A diagnostic needle aspiration of the lung 
was performed and Pn. carinii was identified (by Dr John 
Lever). Cultures of the remainder of the aspirate for 
viruses, fungi, and bacteria were sterile. Despite early 
treatment with high-dose cotrimoxazole, the child’s 
condition deteriorated steadily over 3 days. Pentamidine 
isoethionate was added and her condition thereafter 
improved; there were no complications. 

We would like to make 3 points: (1) The child was 
symptom free on the day of diagnosis. (2) Needle aspira- 
tion was a safe, rapid means of diagnosis. Of the cases 
reported by Lipson et al. (1977), 2 out of 14 had serious 
complications from open lung biopsy. This contrasts with 
one mild episode of transient haemoptysis complicating 8 
needle aspirations in children with pneumonia at Bristol 
Children's Hospital (personal observations). Open biopsy 
may of course be indicated after a negative needle 
aspiration when Pn. carinii infection is strongly suspected 
(Hughes, 1977). (3) Cotrimoxazole appeared to be in- 
effective in the first 3 days of treatment, in contrast to the 
observation by Lipson er al. that the drug ‘seemed to have 
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a rapid onset of action'. Hughes (1977) reported failure of 
cotrimoxazole therapy in 3 out of 14 children with Pn. 
carinii pneumonia. 

We conclude that needle aspirate is the investigation of 
choice when Pn. carinii pneumonia is suspected, and that 
cotrimoxazole is not necessarily effective in all cases. 
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Sir, 

The report by Lipson et al. (1977) prompts us to report 
our recent experience with 2 cases of Pneumocystis carinii 
pneumonia, one aged 9 years and one 3 months, who were 
under treatment for systemic lupus erythematosus and 
acute lymphatic leukaemia respectively. Clinical diagnosis 
of Pn. carinii pneumonia was made on the basis of fever, 
increased respiration rate, and chest x-rays. The ageat was 
shown in tracheal washings (2 ml saline solution under 
anaesthesia using N.O-O,-halothane), but was absent 
from sputa and gastric juice (Chan ef al., 1977). The 
patients’ general conditions did not permit lung biopsy or 
lung aspiration (Cohen and Weiss, 1971). Both were 
treated first with pentamidine  isoetiionate, further 


88 Correspondence 


clinical improvement was obtained after this 
was combined with trimethoprim-sulphamethoxazole 
(Hughes et al., 1975). This is the first report from Japan 
of the treatment of the disease by trimethoprim-sulpha- 
methoxazole. We favour the use of tracheal washings to 
demonstrate the agent, since the procedure is safe and the 
caance of finding the agent seems to be better than in 
sputum or gastric juice. 
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Identifying children ‘at risk’ from 
unexpected death in infancy 


Sic, - 
The lay press has recently acclaimed the system which is in 
uss in Sheffield for identifying children ‘at risk’ from 
unexpected death in infancy. Carpenter et al. (1977) 
pcint out, however, that this system may not apply in 
other communities. One of the purposes of the DHSS 
Multicentre Postneonatal Study is to discover whether a 
system based on Sheffield data might be equally applicable 
in other communities. 

The obstetric and perinatal records of 234 cases of 
‘unexpected death in infancy have been studied in retro- 
spect in 11 centres: Manchester, Liverpool, Leeds, 
Edinburgh, Oxford, Gateshead, Newcastle upon Tyne, 
Barnsley, Rotherham, Doncaster, and Birmingham. For 
each case a living control was chosen at random from 
those born on the same day and in the same centre as the 
incex. Each case and control was 'scored' numerically 
according to the ‘at birth’ data analysis used in Sheffield 
(Carpenter et al., 1977). 

In all, only 49 % of index cases scored ‘at risk’, together 
with as many as 27% of controls. This represents a low 
sensitivity, despite having over one-quarter of the 
population labelled 'at risk'. The poor discrimination 
between cases and controls would confer a low degree of 
efficiency on a prospective prevention programme. 
Although numbers in some centres were small, in only 
one centre was there case/control discrimination of the 
degree which is still shown in Sheffield. 


x 


E" 


I present these preliminary findings in advance of a 
more complete communication for several reasons; 
(1) Primary care teams could be led into a false sense of 
security concerning infants who did not score ‘at risk’, if 
prospective programmes are initiated prematurely using a 
system of low sensitivity. (2) The 'scoring' system used in 
Sheffield should be validated in other areas before use in 
those areas. It appears that the system may need revising 
before it can be of use in other communities. (3) Objective 
environmental data are not included in tbe present system. 
The subjective observation of the home environment 
which is used would be difficult to apply. accurately 
elsewhere using multiple observers. (4) Jf an ‘at risk’ 
system is necessary to reduce the numbers of unexpected 
infant deaths in this country, a system should be derived 
with a high sensitivity, and which could be applied to 
many communities. 

Finally, I would like to emphasise that the ‘at risk’ 
factors used in Sheffield do not have an actiological basis, 
and that the aetiology of ‘cot death’ remains unexplained. 
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Rickets in preterm infants 

Sir, 

We were interested to read Glasgow and Thomas’s (1977) 
description of respiratory distress owing to rickets in 4 
very small preterm infants. Over the past year we have 
diagnosed rickets (rachitic changes at the wrist metaphyses 
associated with raised levels of serum alkaline phospha- 
tase) in 3 preterm infants but in none was rickets associated 
with respiratory problems. The Table gives salient 
clinical and biochemical details and an example of the 
severity of osteodystrophy is shown in the Fig. At the 
time of diagnosis the infants were receiving 400 IU 
supplementary vitamin D, which had been started 2 weeks 
after birth. Rickets was diagnosed in Cases 1 and 2 on 
finding craniotabes at a routine follow-up examination 
and these positive findings prompted investigation of 
Case 3 who showed no clinical abnormality. None of the 
infants was in any way unwell when rickets was diagnosed. 
They were treated by increasing daily vitamin D intake. 
Cases 1 and 3 were given 1000 IU and Case 2 was given 
2000 IU for one month with gradual reduction of the dose 
to 400 IU over the next 2 months. Within 3 months of 


diagnosis there were well defined radiological signs of x 


healing in the 3 infants. 
To explain their syndrome of subacute respiratory 
distress and severe metabolic bone disease, Glasgow and 


J 
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Table Clinical and laboratory details of the 3 preterm infants who developed rickets 





Laboratory investigations 





Case no. Sex Gestation Birthweight Age at diagnosis Feeding Ca Po, Alkaline 25 (OH D) 
(w) (g) (w) (mmol]l) (mmol/l) phosphatase (ng/ml) 
QUJD* 
NM 
I M 3l 1300 10 EBM for one month 2-44 1-88 1265 — 
then Cow & Gate 
Premium 
2 F 29 950 19 Own mother’s milk 2-52 0:95 3620 23 
from birth 
3 M 28 1225 22 Own mother's milk 2-49 1-40 1765 | 


from birth 


ee 


*Normal paediatric level 56-190 IU/l (Forfar and Arneil, 1973). 


Conversion: SI to traditional units—Calcium: | mmol/l «4 mg/100 ml. Poy: 1 mmol/1— 3 mg/100ml. 


Thomas suggest that vitamin D deficiency causes soften- 
ing and fracturing of the ribs and weakening of respiratory 
through 


muscles which leads impaired respiratory 


Fig. Case 2. X-ray of right wrist showing severe bone 
rarefaction with marked cupping of distal radial and ulnar 
metaphyses. 





movements to respiratory distress. If this is really the 
sequence of events perhaps it is surprising that the severe 
osteodystrophy in our infants was not associated with any 
respiratory problem. Admittedly the thoracic cage was 
not x-rayed so that we do not know for certain that the 
ribs were affected but since rickets is a generalised 
disturbance of bone growth it would be surprising if the 
ribs were spared. We wonder therefore whether some 
other factor is responsible for ‘rachitic respiratory distress’. 

Glasgow and Thomas draw attention to the association 
of copper deficiency and bone disease. Copper deficiency 
in preterm infants has been reported to cause enlargement 
of the costochondral cartilages, cupping and flaring of the 
long bone metaphyses, and spontaneous fractures of ribs, 
apnoeic episodes, and muscle hypotonia (Hambidge, 
1976). The liver plays an important role in copper 
metabolism through the production of caeruloplasmin 
which is the main means of copper transport and in liver 
diseases plasma levels of copper are low (Alexander, 
1974). In view of the disordered liver function in the 
Belfast infants we wonder therefore whether the syndrome 
of subacute respiratory distress with severe metabolic 
bone disease might be due at least in part to an abnor- 
mality of copper metabolism. 

Finally Glasgow and Thomas postulate that their 
infants developed rickets because of malabsorption of 
vitamin D or impaired 25-hydroxylation of cholecalciferol 
in the liver. Plasma 25-hydroxycholecalciferol was 
measured in 2 of our infants and in both instances the 
levels were well within the normal range. It is unlikely 
therefore that malabsorption or impaired hepatic 
conversion was responsible for rickets. Instead it is 
tempting to speculate that transient interference of renal 
production of 1,25-dihydroxycholecalciferol or target 
organ unresponsiveness to this active hormone was 
responsible. 


D. P. Davies, C. A. HUGHES, and J. R. MOORE 
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Leicester LEI 5WW. 


Dr J. F. T. Glasgow comments: 


We are grateful to Dr Davies and colleagues for their 
interest in and helpful comments on our report. The 
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infants they describe are similar, but not identical, to 
ours, particularly with respect to presence of symptoms, 
age at diagnosis, and type of nutrient used. Their x-ray 
shows rachitic changes and it is unlikely that marked rib 
abnormality was present in the absence of respiratory 
difficulty. We too have found that the serum levels of 
25-hydroxyvitamin D (25-OHD,) were normal in all 
infants in whom it was measured; the value for Case 3 
was 19-5 ng/ml. 3 of 7 other patients with bone disease, 
but without respiratory distress, also had normal concen- 
trations (range 16:5—34-5 ng/ml).* These findings do not 
of themselves exclude the possibility of an abnormality in 
vitamin D metabolism, but do suggest that treatment with 
25-OHD, is unlikely to be beneficial. 

We are confronted by a difficulty however, since 
radiological changes in Cases 1, 2, and 4 were definitely 
those found in classical nutritional rickets. Another infant 
with similar bone disease but no respiratory distress had 
biochemical changes consistent with rickets, including 
reactive hyperparathyroidism, which returned to normal 
after therapy with la-hydroxyvitamin D (Glasgow and 
Reid, 1977). Curiously this child also had a normal level 
of 25-OHD,. 

Deficiency of trace elements may also be an important 
aetiological factor. Several authors have described infants 
with copper deficiency and noted a variety of features, 
namely costochondral beading, demineralisation, rib 
fractures, expanded metaphyses, muscular hypotonia, and 
apnoeic episodes (Al-Rashid and Spangler, 1971; 
Griscom ef al., 1971; Ashkenazi et al., 1973). In addition, 
however, anaemia was a prominent finding in each of 
these reports; it was usually of some severity, resistant to 
iron treatment (sideroblastic anaemia), and associated 
with erythroid and myeloid hypoplasia. Hypoalbumin- 
aemia also was sometimes present. Any anaemia in our 
infants was mild with features such as leucocytosis and 
reticulocytosis which are not consistent with copper 
deficiency. Plasma proteins were always normal. 

The questions which none the less remain to be 
answered are first, whether the infants we describe with a 
potentially fatal respiratory disorder have a deficiency of, 
say, 1,25-dihydroxyvitamin D; and second, is this 
ccmpounded in some of the lightest and sickest infants by 
deficiency of trace elements such as copper, manganese, or 
silicon? Further prospective study of affected babies, 
careful review of existing histological material, and 
measurements of trace elements in existing serum 
samples are required. 
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Neonatal records and the computer 
Sir, 

Readers will no doubt have noticed an error in my paper 
(Archives, 1977, 52, 452). Owing to a faulty provisional 
print out from which the data on jaundice were derived, 
the 1975 entries for ‘absent’ and ‘mild’ jaundice and their 
percentages and ranges were transposed in Tables 3 and 4. 
The accompanying text should read ‘In 1975 as many as 
26 55 (range 17-39 ?7) of 21 030 babies had bilirubin levels 
between 86 and 204 „mol/l (5 and 12 mg/100 ml)... .’ 
This change, however, does not alter the significance 
(P —0-001) of the increase in jaundice between 1974 and 
1975 as reported. I apologise for this oversight on my 
part, and trust it has not caused confusion among your 
readers. 
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Neonatal plasma bilirubin chart 

Sir, 

There is a tendency for phototherapy to be used too often 
or for too long in the management of babies with neonatal 
jaundice. The accompanying chart has been constructed 
in order to give some guidance as to when phototherapy 
may be indicated. It has been found useful in practice. In 
term infants plasma bilirubin levels lying below the 
diagonal line on the chart are unlikely to cause anxiety 
and do not call for phototherapy. Bilirubin levels above 
the diagonal line are an indication for a careful decision 
to be made in individual cases as to what treatment, if 
any, should be started. 
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A new 
cutaneous pO. monitor 
from Kontron 





This new technique is being used on an increasing scale to supplement blood gas analysis of 
high risk neonates by continuously monitoring and recording cutaneous p0, via a temperature- 
stable, non-invasive sensor. 

Features of the new instrument include: 


® Built in chart recorder 
&& Dual temperature setting for sensor 439 C or 44°C 
# Rapid response to changes in oxygen partial pressure 
& Maximum/minimum alarm call 
For demonstrations and full information about this Monitor, please complete the slip below 


and post to Dr. Peter Hargreaves, Kontron Instruments Limited, PO Box 188, Watford 
WD2 4YX, or telephone Dr. Hargreaves at Watford (0923) 47666. 


EEIE EN: TEOR ES ee MER ee ee NEA: ENEN NEENMN ENNZZED GEENGMS eee ee ee eee eee 
Please contact me to arrange a demonstration of the Kontron p0, Monitor* 
Please send me further information about the p0, Monitor* 
“delete as appropriate 


a ee ee ee a a ee ar E POSITION... .. i i ase«waceduvaeane 

















KONTRON MF eho 
serving hospitals throughout the world 
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NOVO 





A few facts about 
monocomponent insulin 
from Europe’s largest 
insulin manufacturer 


means monocomponent, 

a designation unique to Novo insulins. 
means a level of insulin purity 
unequalled by any other manufacturer 


and characterised by 


the following specification: 

a-component not detectable 

Proinsulin like substances <1Ippm 

Glucagon like substances «1ppm 

CUm Iq cR 


Pancreatic polypeptide « 0.01ppm 


Somatostatin <0.01ppm 
VIP (vasoactive intestinal polypeptide) <0.01ppm 
aaa in U NR HERR EQ 


means a range of insulins 
MC . providing a unique combination 
of purity and flexibility 
of administration. 


MC Actrapid^ MC 


Semitard MC Intermediate effect 
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Rapid effect 
















Monotard MC Protracted effect 








For further information (incl. data sheets) please write to: 


NOVO LABORATORIES LTD 
Ringway House, Bell Road, 
Daneshill East, Basingstoke, Hampshire RG24 OQN. 
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Contents 

Cardiac Output in the Neonatal Period Using Impedance Cardiography 

K. CosTELOE, J. Srocks, S. N. This paper describes a study comparing impedance cardiac output with effec- 

Monapatra, D. W. HiLL, AND tive pulmonary capillary blood flow, measured by rebreathing nitrous oxide 

S. Goprrey (London, England) (N,O), in a group of healthy babies during the neonatal period. 

Electrolyte and pH Changes in Human Milk 

Ci. ANSELL, A. Moore, AND H. BARRIE Measurements of the pH and electrolyte content in human milk in the first 10 

(London, England) days after parturition reveal that the sodium concentration was much higher 


in colestrum and transitional milk than in mature milk and that the pH was 
higher than that of most of the commercially available infant formulas. 


Prevention of Early Neonatal Hypocalcemia in Low Birth Weight Infants with Continuous 
Calcium Infusion (Effect on Serum Calcium, Phosphorus, Magnesium, and Circulating Im- 
munoreactive Parathyroid Hormone and Calcitonin) 


B. L. SALLE, L. Davin, J. P. Cuo- This study was undertaken to investigate the effect of a constant calcium per- 
PARD, D. C. GRAFMEYER, AND H. fusion on serum calcium, phosphorus, magnesium, immunoreactive para- 
Renaup (Lyon, France) thyroid hormone, and immunoreactive calcitonin in low birth weight infants. 


Improved Micellar Dispersal of Dietary Lipid by Bile Acids during Replacement T herapy in 
Growth Hormone-deficient Children 


J. R. Porgy, J. D. Surru, J. B. Replacement therapy in growth hormone-deficient patients resulted in im- 
THoMPSON, AND J. R. SEELY (Okla- proved micellar dispersal of dietary lipid (fatty acid and monoglyceride) by 
homa City, Oklahoma, and Donau, bile acids. 


West Germany) 


Studies of the Glycine Cleavage Enzyme System in Brain from Infants with Glycine Enceph- 
alopathy 


T. L. Perry, N. URQUHART, AND S. Results of these studies indicate that glycine content is greatly elevated and gly- 
HaNsEN (Vancouver, British Colum- cine cleavage enzyme activity is absent in the brains of infants dying with 
bia, and Montreal, Quebec, Canada) glycine encephalopathy and that the second of four proteins is inactive in the 


glycine cleavage system. 


Deficiency of Dihydrolipoyl Dehydrogenase (a Component of the Pyruvate and a-Ketoglutarate | 


Dehydrogenase Complexes): A Case of Congenital Chronic Lactic Acidosis in Infancy 


B. H. RoniNsow, J. TAYLOR, AND A case is presented in which the diagnosis of deficiency of the dihydrolipoyl 
W. G. SHERWOOD (Toronto, Ontario, dehydrogenase component in both pyruvate on «-ketoglutarate dehydrogenase 
Canada) complexes was confirmed by the utilization of specific biochemical and tissue 


enzyme analyses. 


Maturation of the Rabbit Alveolar Macrophage during Animal Development. II. Biochemical 
and Enzymatic Studies 


L. S. NERURKAR, B. J. ZELIGS, AND Biochemical measurements of lysosomal and oxidative enzyme activities as well 
J. A. BELLANTI (Washington, D.C.) as protein, DNA, RNA, and phospholipid concentrations of rabbit alveolar 
macrophage were performed during postnatal animal development. 


Maturation of the Rabbit Alveolar Macrophage during Animal Development. III. Phagocytic 
and Bactericidal Functions 


B. J. Zevics, L. S. NERURKAR, AND lhe phagocytic and bactericidal activities of alveolar macrophages were 
J. A. BELLANTI (Washington, D.C.) studied during postnatal animal development. 


Partially Restricted Antitoxins of Tetanus and Diphtheria in Man 


G. NATHENSON AND S. D. Litwin Results of these studies demonstrate a x IgG predeliction and indicate that 
(Bronx and New York, New York) tetanus and diphtheria antitoxins are partially restricted in man. 


— TUUS 
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° | m. ° eg 
a hereditary predisposition? 

"In children with a double parental When history and examination are 
history of atopic disease the incidence equivocal the use of IgE as a parameter 
of such disease was higher than in for atopic allergy either for diagnostic 
children with a single such heredity in Or predictive purposes should be 
whom, however, the incidence was decisive. 
higher than in children without any Kjellman, N-I Max: Immunoglobulin E 
parental history of atopic disease. and Atopic Allergy in Children. Lin- 


köping University Medical Disserta- 
tions 36, 1976. 


Phadebas IgE PRIST 


(Paper Radio Immuno Sorbent Test) 


The test to predict atopic allergies in children. 
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Simplicity itself 


The Codman Shunt range, available only from 
Downs, has proved outstandingly popular with 
British surgeons. Here's why. 
UNI-SHUNT*—the unique one piece shunt. 
Simple and easy to insert, it’s one piece 
construction reduces the risk of infection and 
need for revision. 

ACCU-FLO*—the guaranteed system which 
offers complete flexibility. 

The Accu-Flo range of shunts offer the surgeon 
a complete system from which to choose. 

They are also guaranteed to function at the 
Stated pressure. Renowned for their consistently 
high quality and low cost—up to 20% less than 
some competitive products—Accu-Flo shunts 
are also double sterile wrapped. 

The whole range is available from stock, so 
there's no delay when ordering. For more details, 
fill in the coupon. 


Downs Surgical 
—simply the best 


"Registered trade names 
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Pathology of the Fetus and the Newborn 1 
This full-time course for Pathologists and Drugs and Disease 


Paediatricians in Training will be held in the 
New Medical School, Oxford Road, Manches- 


ter 13, from Monday, 17th to Saturday noon, The Proceedings of a Symposium 


Ea npn, c: T LE. organized by the 
nstruction will be given by members of the 
staff of the Manchester University and by Royal College of Pathologists 
Lecturers from other centres. 


The programme covers pathology related to Edited by 
intrauterine and early postnatal life and in- Sheila Worlled 
cludes biochemical, genetic and radiological €— — 
aspects of prenatal diagnosis, teratology and 

laboratory technique pertinent to a patholo- 

gical service for this age group. Price: Inland £3.00 


Course Fee £45 (This covers a collection of Abroad US $7.50 

histological sections for each student) including postage 

Residential accommodation will be provided 

if required. 

Further particulars may be obtained from: The Publishing Manager, JOURNAL OF 
The Dean of Post-graduate Medical CLINICAL PATHOLOGY, BMA House, 


Studies, Gateway House, Piccadilly South, Tavistock Square, London WC1H 9JR 
Manchester M60 7LP 


PROBLEMS OF 
CHILDHOOD 


While in paediatrics the spotlight has, perhaps, swung recently on to behavioural and 
psychological aspects of child development, much of the clinician's time is still spent with acute 
and chronic physical disorders. Both these aspects of medical problems in childhood were 
reviewed in a series of BMJ articles published early in 1976, and these have been collected 
together after further revision by their authors. We hope the collection will prove useful to 
doctors at all stages of their careers: for children occupy a great deal of the time of every general 
practitioner, and confidence in their care demands both experience and knowledge. 


Demy Octavo Paperback 7149 pages 
ISBN O 7279 0019 6 


Price: Inland £2.50; Abroad US $6.25, including postage 


Payment must be enclosed with order or a surcharge of 30p will be made for rendering invoices and statements 


Order your copy now from 

The Publisher, BRITISH MEDICAL JOURNAL 
BMA House, Tavistock Square, London WC1H 9JR 
or through any leading bookseller 
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A new 
cutaneous pO, monitor 
from Kontron 

















This new technique is being used on an increasing scale to supplement blood gas analysis of 
high risk neonates by continuously monitoring and recording cutaneous pO, via a temperature- 
stable, non-invasive sensor. 

Features of the new instrument include: 


8$ Built in chart recorder 
a& Dual temperature setting for sensor 43°C or 44°C 
4$ Rapid response to changes in oxygen partial pressure 
4$ Maximum/minimum alarm call 
For demonstrations and full information about this Monitor, please complete the slip below 


and post to Dr. Peter Hargreaves, Kontron Instruments Limited, PO Box 188, Watford 
WD2 4YX, or telephone Dr. Hargreaves at Watford (0923) 47666. 


mm EMEN ee MEM NEN å MEME DUM MEM NEM ee eee MEME eee MEM MEME eee UEM NN 
Please contact me to arrange a demonstration of the Kontron pO; Monitor* 
Please send me further information about the p0, Monitor* 
*delete as appropriate 


A SEERE han el ae ik en aris fy Sub Gna eee a ea PRESB. ee uz uas eM 


KONTRON 4.Ü CO we 
serving hospitals throughout the world 
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NOVO 


A few facts about 
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means monocomponent, 
a designation unique to Novo insulins. 


means a level of insulin purity 
unique to Novo which has 
been characterised by 

the following specification: 
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Proinsulin like substances | <1ppm 
Glucagon like substances <1ppm 
Pancreatic polypeptide <0.01ippm 
Somatostatin <0.0ippm 
VIP (vasoactive intestinal polypeptide) <0.01ppm 
means arange of insulins 
providing a unique combination 
of purity and flexibility 
of administration. 
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Annotations 


Drugs, infections, and congenital abnormalities 


We know little of the causes of congenital abnor- 
malities and less of their pathogenetic mechanisms. 
Malformations result from disturbances of growth 
during embryogenesis. Most congenital heart lesions, 
for example, can be understood in terms of incom- 
plete or deviant growth of heart structures. De- 
formities result from later changes in previously 
normal structures by, for example, destructive 
pathological processes or intrauterine forces (e.g. 
talipes). Some defects—hydrocephalus, for example 
—could arise by either mechanism. Drugs can inter- 
fere with prenatal development either by disturbing 
embryogenesis or by exerting their pharmacological 
actions on developing fetal organs. Prenatal infec- 
tions probably act mainly by causing inflammatory 
lesions in the embryo or fetus. 

There is therefore a spectrum of pathogenetic 
mechanisms ranging from the instant teratogenesis 
of a single dose of thalidomide through congenital 
cataract caused by rubella virus in the lens, to 
disseminated neonatal cytomegalovirus infection in 
an anatomically normal baby. The identification of 
infective and chemical teratogens is not easy, and for 
two principal reasons. As regards the teratogen, in 
retrospective studies it may be impossible to establish 
with certainty that a drug was taken or an infection 
experienced, while prospective studies demand large 
numbers of pregnant women to yield sufficient mal- 
formed babies. As regards the malformation, its 
nature depends at least as much upon the timing of 
the teratogenic insult as upon the sensitivity of 
specific organs or tissues to the agent in question. 

We are therefore faced not only with teratogens 
that can individually be responsible for a wide 
spectrum of defects (e.g. rubella), but also with 
apparently clearly defined defects that can be the end 
result of a dozen different pathogenetic processes 
(e.g. cleft palate). In practice, therefore, the recog- 
nition ef a teratogen in man depends upon an astute 
clinician spotting an association between a drug or 
infection on the one hand, and a malformation or 
association of defects on the other. The less common 
the teratogen, the less common the defect, and the 
less variable the manifestations, the less difficult it is 
to notice the relationship. Gregg! noticed congenital 
cataracts and linked them with rubella. McBride? 


and Lenz? both noticed phocomelia and linked 
it with thalidomide. If aspirin was responsible for 1% 
of congenital heart disease, it would be almost 
impossible to show. 

For these reasons there are very few drugs and 
infections which are beyond doubt teratogenic in 
man. There are a few more for which the evidence is 
strong. Thereafter lies an exponential list of possibles 
of diminishing likelihood. 


Drugs 
Table 1 lists teratogenic drugs categorised as definite, 


Table 1 


Definite 


Drugs which cause congenital abnormalities 


Thalidomide 
Nor-/ethisterone 
Antimitotic drugs 


Alcohol 

Anticonvulsants 

Warfarin 

Operating theatre environment (? anaesthetics) 


Probable 


Lysergide 
Sex hormones 


Possible 


ae 


probable, and possible. This relates solely to their 
capacity to induce malformations. The effect of drugs 
in late pregnancy on neonatal metabolism, and the 
rather eerie possibility that antenatal drugs may affect 
postnatal behaviour*’® are beyond the scope of this 
review. 

The teratogenicity of thalidomide is beyond doubt, 
both from the specificity of its effects and from the 
epidemiological data. Its mode of action is unknown, 
though the hypothesis of sensory neuropathy® is 
attractive in that it offers a link between the well- 
known limb defects and the less well-remembered 
defects of ears and eyes, facial palsy, and defective 
eye movements. A neurogenic mechanism would also 
tie up with thalidomide peripheral neuropathy in 
adults, and might help to explain the curious excess 
of left limb dominance in thalidomide children.’ 

Cancer chemotherapy depends upon drugs which 
act upon rapidly dividing cells and therefore have the 
capacity to kill the cancer without killing the patient. 
Embryonic cells also divide rapidly, and any effective 
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antimitotic drug, acting by folic acid antagonism or 
any other way, has teratogenic potential. Potent 
antimitotic drugs may be embryolethal; indeed, 
aminopterin was once used to terminate pregnancies.? 
Smaller doses may cause malformation, but normal 
infants have also been born after exposure to these 
drugs in utero. 

Idoxuridine (IDU) is a DNA inhibitor used in the 
treatment of herpes, usually by topical application. 
It is teratogenic in rabbits and mice when given 
parenterally or into the conjunctival sac. For use on 
skin lesions IDU may be dissolved in dimethyl 
sulphoxide which penetrates the skin. Although I am 
aware of one healthy baby born to a mother treated 
with IDU in pregnancy? the drug is better avoided if 
possible. 

The ability of ethisterone and norethisterone to 
masculinise female fetuses is also beyond doubt, and 
is understandable in terms of the molecular similarity 
of these substances to testosterone. This is not 
teratogenesis in the thalidomide sense, but more akin 
to the influence of antithyroid drugs on the fetal 
thyroid. 

Alcohol, which with gluttony and promiscuity was 
held responsible for all misfortunes in Victorian 
times, has reasserted itself as a teratogen, but only if 
abused. Affected infants show pre- and postnatal 
growth retardation, developmental delay, micro- 
cephaly, maxillary hypoplasia, congenital heart 
disease and joint anomalies (dislocations and 
subluxations), and other minor defects.!° One 
prospective study of 23 infants born to alcoholic 
mothers showed a 17% perinatal mortality rate and 
IQs below 80 in 44% of survivors. 

Malformations are significantly more common 
among the offspring of epileptics taking anticon- 
vulsants than in the general population or in the 
offspring of epileptics not taking anticonvulsants. 
Several anticonvulsant drugs have been incriminated 
bu: phenytoin and barbiturates, especially if taken 
together, appear to present the greatest hazard. 
Among a wide spectrum of malformations, facial 
clefts and congenital heart disease are the most 
commonly reported, and occur respectively about 12 
and 3 times more often than in the general popula- 
tion. Anticonvulsants should not be discontinued in 
pregnancy if there are sound clinical indications to 
continue. The hypothesis that folic acid deficiency 
may be involved in the teratogenic action of these 
drugs is unproven but plausible. Folic acid supple- 
ments might help if started very early in pregnancy. 

Warfarin is used especially for long-term anti- 
coagulant treatment after heart valve replacement. 
The number of pregnant women on warfarin must be 
small, but a striking pattern of developmental 
anomaly has been described in several of their 


offspring. The most conspicuous external anomaly is 
hypoplasia of the nasal bones which may be severe 
enough to interfere with respiration and could there- 
fore contribute to the mental retardation noted in 
some cases. Radiological examination of the bones 
shows congenital stippled epiphyses (dysplasia 
epiphisealis punctata) of the Conradi-Hünermann 
type. (It is of course important to distinguish war- 
farin embryopathy from the rhizomelic type of 
congenital stippled epiphyses which is an autosomal 
recessive condition.) 

The adverse influence of the operating theatre 
environment on certain aspects of reproduction,!? 
including an increased incidence of malformations in 
the offspring of theatre personnel, seems beyond 
doubt, but it may be presumptuous to mention it 
under the generic heading *drugs'. Volatile anaesthe- 
tic agents are regarded as the most likely culprits (and 
this belief underlies recent guidance from the Dept. 
of Health and Social Security about the ventilation of 
operating theatres) but this is not proven. If anaesthe- 
tics are responsible, chronic low-dose exposure 
appears to be more important than acute high-dose 
exposure. The anaesthetist is at higher risk than the 
patient on the table. 

The possibilities that lysergide (LSD) and sex 
hormones might be teratogenic are as yet unresolved. 
Not surprisingly, data relating to LSD are somewhat 
haphazard. As regards sex hormones (apart from 
virilising hormones noted earlier), whether pro- 
gestogens given for recurrent abortion, pregnancy- 
test drugs (now discontinued), or contraceptive pills 
taken in pregnancy, it is significant that the sugges- 
tions of teratogenicity all derive from retrospective 
studies, whereas all prospective studies published 
show no such effect. 

The manufacturers of co-trimoxazole advise 
against use in pregnancy, a wise precaution as it is a 
folic acid antagonist, but there is as yet no clear 
evidence of teratogenicity. Much comfort is to be 
found in well-conducted prospective studies of drugs 
in pregnancy such as the Swedish survey of Kullander 
and Káillén.!?-15 More than once they have provided 
good reason to doubt suspicions aroused by retro- 
spection. 


Infections 


Table 2 lists the infections that are certainly, prob- 
ably, and possibly capable of causing congenital 
malformations. The rubella story is for the most part 
too well known to need repeating and has been well 
reviewed by Dudgeon.!? A few less widely known 
aspects deserve comment, and some useful lessons 


Table 2 Infections which cause congenital abnormalities 


LL ——— —Ü 


Definite Rubella 
Cytomegalovirus 
Toxoplasmosis 

Probable Herpesvirus hominis 

Varicella/zoster 


Mumps 
Influenza 


Possible 





are being learned from the National Congenital 
Rubella Surveillance Programme.!^* The most 
important clinical fact is that congenital rubella is a 
progressive disease. Live virus can be isolated long 
after birth, and chronic inflammatory changes con- 
tinue for some time. Deafness may not be evident 
until several years after birth, and successful per- 
formance in screening tests in infancy only means 'so 
far, so good'. It is clear that there is often a conduc- 
tive element in rubella deafness in addition to 
sensorineural loss. The later development of diabetes 
mellitus in a significant minority is also indicative of 
chronic disease.!? 

Fewer than 50% of mothers of rubella-affected 
babies have a history of rubella with rash, and 257; 
have no history of any significant illness or contact. 
Often therefore suspicion depends upon the clinical 
features and confirmation depends upon the labo- 
ratory. Maternal IgG rubella antibody may persist in 
the baby up to 8 months. The presence of specific 
rubella IgM is helpful in diagnosis if determined in 
an experienced laboratory. The suggestion that 
maternal rubella in later pregnancy may be asso- 
ciated with neurodevelopmental disorders in the off- 
spring requires further study.?? 

Cytomegalovirus (CMV) almost certainly affects 
more unborn babies than does rubella virus. CMV 
and herpes virus, both DNA viruses, cause similar 
illnesses. Low birthweight is common (as it is with 
rubella) and there may be a viraemic picture at birth 
with hepatosplenomegaly, jaundice, purpura, pneu- 
monitis, and encephalitis. Survivors show extensive 
neurological damage with microcephaly, mental 
retardation, cerebral palsy, deafness, epilepsy, and 
cerebral calcification. These permanent defects may 
also follow trivial neonatal illness or infection which 
Is initially asymptomatic. 

Intrauterine infection with the varicella/zoster 
viruses can certainly produce a similar neonatal 
viraemic picture, but whether they are truly tera- 
togenic is still debated. Perhaps the debate is really 
about the meaning of ‘teratogenic’. These viruses can 


* May I take this opportunity to thank British paediatricians 
and clinical medical officers for continuing to notify cases of 
congenital rubella. 
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certainly damage unborn babies. A number of 
children have been described who had skin lesions or 
scars at birth associated with hypoplasia of under- 
lying tissues. Involvement of the nervous system, 
including the eye, is common. The role of mumps, 
Coxsackie, influenza, and other viruses is far from 
clear and further work is needed. 

In addition to viruses, congenital toxoplasmosis 
can also cause widespread damage to the brain and 
eye. Hydrocephalus, microcephaly, or chorioretinitis 
may be evident at birth, but infected infants asymp- 
tomatic at birth may have cerebrospinal fluid changes 
indicative of a chronic meningoencephalitis and show 
mental retardation and other neurological problems 
thereafter. 


Prevention 


Only a tiny minority of congenital abnormalities can 
be attributed exclusively to either drugs or infections. 
It is less easy to say what part they may play in the 
causation of malformations of multifactorial origin. 
Certainly it is worth taking what action is possible to 
prevent the adverse effects of drugs and infections on 
the embryo and fetus. This includes: (1) the intelli- 
gent and discriminate use of drugs at all times, but 
especially in women of child-bearing age; (2) the 
reporting of possible associations between drugs and 
malformations to the Committee on Safety of 
Medicines; (3) wider use of rubella vaccine; (4) pos- 
sibly in the future, vaccines against CMV and 
toxoplasmosis. 


I thank Dr Sheila Sheppard for constructive criticism 
and Miss Hilary Davies for impeccable secretarial 
help. 
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Role of circulating soluble 
in disease 


A wide variety of chronically disabling diseases are 
thought to be caused by circulating soluble immune 
complexes. These include collagen vascular diseases,! 
rheumatoid arthritis,? glomerulonephritis,? and pos- 
sibly chronic inflammatory bowel diseases.4 Antigen- 
antibody complexes are deposited in the blood vessels 
of affected organs and initiate damage by activation 
of the complement system, eliciting an inflammatory 
response.? 

The evidence for this damaging role of complexes 
comes largely from animal studies, in particular 
those in which chronic glomerulonephritis is induced 
by repeated antigen administration.? The similarity 
of immunoglobulin deposition shown by immuno- 
fluorescence in human nephritis and in the animal 
experimental disease suggests that circulating com- 
plexes play a role in both. Only a few animals acquire 
chronic nephritis as a result of repeated antigen 
dosage, and they respond with predominantly non- 
precipitating antibody which is inefficient at antigen 
elimination. In man, the rare complement de- 
ficiencies, in particular homozygous Clr and C2 are 
associated with immune complex syndromes.? Anti- 
body, complement, and phagocytes are all involved 
in antigen clearance and a fundamental defect in 
their function may underlie immune complex disease. 
However, in the majority of patients with such 
diseases the immunodeficiency is probably only 
relative and therefore difficult to detect. 
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immune complexes 


Recently, methods have been developed for the 
detection of circulating soluble immune complexes in 
sera and their presence has been confirmed in a 
variety of diseases. However, mere detection is 
insufficient proof of pathogenicity, for it is probable 
that not all immune complexes are damaging, and 
sensitive methods detect low levels in healthy indi- 
viduals. Similarly, raised levels are found in preg- 
nancy which fall after delivery, Suggesting that cer- 
tain types of complex may modulate the immune 
response in an advantageous manner, thus possibly 
preventing maternal rejection of that mosaic of 
foreign antigens, the fetus. Facilitation or enhance- 
ment of malignant tumour growth may also be due 
to certain types of immune complexes.!? 

Antigens involved in immune complex diseases 
may be of either exogenous or endogenous origin. 
Exogenous antigens include administered therapeutic 
agents producing serum sickness, inhaled and in- 
gested antigens, and microbial and parasitic products 
derived from invading organisms. In diseases 
initiated primarily by exogenous antigens, the 
inflammatory process may release endogenous anti- 
gens which perpetuate the disease. Similarly cross- 
reaction of endogenous antigens with antibodies 
formed towards exogenous antigens may be another 
mechanism leading to persistent inflammation. This 
mechanism probably applies in poststreptococcal 
glomerulonephritis ; in systemic lupus erythematosus 
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it is possible that the nuclear antigens identified have 
been induced by cross-reactivity to viral DNA. 
None the less, in only a few rare instances have 
specific viruses, bacteria, or protozoa been identified 
in human immune complex diseases. 

It is becoming clear that immune complexes are 
heterogeneous not only in the antigen involved but 
also in immunoglobulin class, and complement 
binding capacity as well as size. The rate of forma- 
tion is also important, as well as the capacity of the 
reticuloendothelial system, especially the macro- 
phages of the liver and spleen, for clearing them from 
the circulation. Little is known of what determines 
immune complex deposition in a particular organ 
and why different organs are affected in different 
diseases. The kidney is probably particularly vul- 
nerable because of its large blood flow and its filtering 
role, but complement binding complexes may also be 
preferentially deposited due to the C3 receptors on 
the glomerular epithelial cells. 

The size of complexes is important since it has been 
shown experimentally that large complexes are easily 
cleared by the reticuloendothelial system, whereas 
small ones are not.!? Similarly, smaller complexes of 
bovine serum albumin with antibody were nephro- 
toxic in animals whereas larger ones were not.!? Such 
observations have recently been confirmed for 
human disease in that size variation of complexes 
may account for the different clinical manifestations 
of systemic lupus erythematosus; those patients with 
renal signs had predominantly medium sized IgG 
complexes, whereas extrarenal manifestations were 
associated with very large IgG complexes.!* 

It is not surprising that such variation exists, and 
it therefore becomes clear why few of the many 
methods developed for immune complex detection 
correlate with each other. The techniques may 
depend on physicochemical properties of the com- 
plexes (cryoprecipitation or polyethylene glycol 
precipitation), on recognition proteins such as Clq 
or antiglobulins, or on interaction of cells which bind 
complexes by C3b or Fc receptors (Raji cells, 
macrophages, and B lymphocytes).!^ None of the 
published methods are capable yet of characterising 
all the constituents of complexes, but the knowledge 
of the capabilities and limitations of individual 
methods enables useful information to be obtained 
by using more than one method to analyse sera. 

Good correlation has been observed between 
clinical activity and circulating immune complexes in 
a variety of diseases. Systemic lupus erythematosus 
(SLE) is an example of a chronic allergic disorder in 
which the activity of the disease appears to correlate 
well with levels of complexes.!4 Although the com- 
plexes are probably not the only cause of damage in 
SLE, they are responsible for the nephritis which 


commonly kills the patient. Monitoring patients with 
lupus nephritis on immunosuppression is difficult as 
other immunological parameters such as C3 or DNA 
binding do not correlate well with disease activity.!^ 
Estimation of circulating soluble immune complexes 
may prove to be a sensitive indication of when to 
start or discontinue treatments such as plasma- 
pheresis or methyl prednisolone pulse therapy. It is 
possible that the treatment of diseases such as juvenile 
chronic polyarthritis may benefit from similar 
monitoring. In chronic infections such as endo- 
carditis, the associated arthritis, nephritis, spleno- 
megaly, and thrombocytopenia probably result from 
circulating immune complexes and higher levels are 
detected in patients with extravalvular lesions than in 
those without.!? In individuals in whom no organism 
is identified on blood culture, the disappearance of 
circulating immune complexes should prove useful in 
monitoring antibiotic therapy. 

At present most methods only detect complexes 
which contain IgG and bind complement. Yet, other 
immunoglobulin classes may be involved in immune 
complex formation. Henoch-Schónlein purpura has 
all the hallmarks of an immune complex disease with 
arthritis, nephritis, and purpuric skin rashes. Both 
skin and kidney lesions demonstrate IgA deposition 
by immunofluorescence. Cryoglobulins have been 
found in patients with active disease!* and although 
circulating immune complexes of either IgG or 
complement binding variety are not usually found, 
specific IgA-containing complexes may be demon- 
strated.!? It is not known why IgA complexes are 
associated with this disease but similar mechanisms 
may be involved in the recurrent haematuria of child- 
hood syndrome (mesangial IgA/IgG deposition) in 
which IgA complexes are also found (J. F. Mowbray, 
personal communication). 

The presence of circulating immune complexes was 
expected in the diseases described above, but not in 
steroid-responsive nephrotic syndrome. Evidence for 
the immunologically-mediated cause of this disease 
Is circumstantial, despite successful treatment with 
immunosuppressive drugs. There is often a history of 
atopy and patients occasionally relapse after pollen- 
induced hayfever.?? Sera from patients in relapse 
contain raised levels of immunoconglutinin,?! an 
autoantibody to activated C3, and such sera also 
inhibit complement-dependent rosette formation by 
B lymphocytes.?? 

These two observations suggest that complement 
is being activated in vivo. Although immunoglobulin 
deposition cannot be detected in kidney biopsy 
specimens by immunofluorescence, raised levels of 
IgG-containing immune complexes are found in the 
sera of patients in relapse.?? These complexes are not 
due to the nephrotic state since they do not occur in 
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the congenital nephrotic syndrome. The complexes 
contain IgG but do not bind Clq, suggesting that 
complement is activated by the alternate pathway. 
That such large complexes (2-2: 5 x 109 MW) do not 
become deposited in the glomerulus is surprising, but 
it is possible that they cause proteinuria either by 
activation of a lymphokine system?* or by altering 
the charge on the glomerular basement membrane. 
Alternatively, it is just as possible that they are an 
epiphenomenon of the agent provoking the disease. 

The finding of circulating immune complexes in 
sera of patients with a particular disease does not 
necessarily mean that the complexes are the patho- 
genetic cause. Although in many instances good 
correlation with disease activity is obtained, raised 
levels of complexes may be secondary events. In 
chronic inflammatory bowel disease it is likely that 
the diseased gastrointestinal mucosa allows in- 
creased antigen entry into the circulation, thereby 
leading to antigen-antibody complex formation. 
These complexes are unlikely to be initial provoking 
causes, but may be responsible for the extragastro- 
intestinal symptoms such as arthritis and uveitis. 
Similarly, in asthma, the late reaction leading to 
status asthmaticus may result from immune com- 
plexes becoming localised in the lung due to in- 
creased vascular permeability after the histamine 
release of the classical type I allergic reaction. Such 
localisation of nonspecific complexes by specific IgE 
antibody responses may occur in other diseases since 
in experimental serum sickness there is evidence of 
basophil depletion and mast cell degranulation 
occurring at the time of immune complex deposi- 
tion.?5 

Future developments in immune complex tech- 
nology must be capable not only of detecting the 
complexes, but of characterising their antigens and 
other constituents, as well as their size. We now need 
to identify diseases associated with immune com- 
plexes containing defined antigens and to investigate 
the effect of immune complex removal, antigen 
avoidance, and hyposensitisation on the complexes 
and on the disease state. Chronic immune complex 
disease is thought to be a result of poor macrophage 
function and antibody response, so techniques of 
enhancing the immune response may be beneficial. 
Artificial removal of complexes by plasmapheresis or 
by specific immunoabsorbent columns may well 
benefit patients during acute exacerbations. In 
children it is possible that such treatments may result 
in sustained remission, as it may permit maturation 
of a relatively defective immune response. 
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Effect of children's and parents’ smoking on 
respiratory symptoms 
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Clinical Epidemiology and Social Medicine, St. George's Hospital Medical School, London 


SUMMARY [t has been suggested that the apparent relationship between children's cigarette smoking 
and their respiratory symptoms could be explained by the effect of parents' smoking upon both child's 
smoking and symptoms. This was investigated in a study of 6000 Derbyshire schoolchildren. 
Children who smoked regularly were more likely than nonsmokers to report cough first thing in the 
morning, cough at other times during the day or at ni ght, and breathlessness. Children whose 
parents smoked were also more likely to report these symptoms than were the children of nonsmokers. 


Both the child's and parents' smoking were independently related to the child's respiratory symptoms. 

Morning cough was less prevalent than cough at other times during the day or at night, but the 
relationship between the child's smoking and morning cough was much closer than its relationship 
to cough at other times. The relationship between parents' smoking and the child's symptoms was 


similar for each symptom. 


Parental cigarette smoking can affect the health of 
children. An increased incidence of bronchitis and 
pneumonia in the first year of life has been found 
among children whose parents smoked when com- 
pared to the children of nonsmokers (Colley et al., 
1974), 5-year-old children of smokers have been 
reported to have more respiratory symptoms than 
those of nonsmokers (Norman-Taylor and Dickin- 
son, 1972), and among older children an increased 
prevalence of day or night cough has been reported 
among the children of smokers (Cameron et al., 
1969; Colley et al., 1974). Colley (1974) also showed 
that much of this effect of smoking may be accounted 
for by cross-infection from parents with bronchitis, 
itself often a consequence of their own smoking. 
Cigarette smoke in the atmosphere may also be 
directly harmful, as short-term increases in heart rate 
and blood pressure have been reported in children 
exposed to cigarette smoke (Luquette ef al., 1970). 
Cigarette smoking by the children has also been 
shown to be associated with respiratory symptoms 
(Holland and Elliott, 1968; Holland et al., 1969; 
Bewley et al., 1973; Bewley and Bland, 1976), and 
the prevelance of these symptoms increases with 
increasing cigarette consumption. 

Most studies of children’s smoking have found 
that children who smoke are more likely than non- 
smokers to have parents who are smokers (Bothwell 
1959; Cartwright and Thomson, 1960; Lemin, 1966; 
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O’Rourke and Wilson-Davis, 1970: Bewley et al., 
1974; Bewley and Bland, 1976), although this was 
not found by Bynner (1969) in his major study of 
secondary school boys. As a result of this, it has been 
suggested (W. Norman-Taylor, personal communica- 
tion, 1974), that the apparent relationship between 
the child's smoking and his respiratory symptoms 
may be due to both independently being conse- 
quences of the parents' smoking, rather than the 
child's smoking having any direct effect upon 
respiratory symptoms. In this paper we investigate 
the relationship between smoking by parents and 
children, and the child's respiratory symptoms. 


Method 


In July 1974 all first-year children in a random sample 
of 48 secondary schools in Derbyshire were asked to 
complete a self-administered questionnaire about 
their smoking and respiratory symptoms (Banks 
et al., 1978). Questionnaires were obtained from 3098 
boys and 3232 girls, 867; of the children, 2% having 
refused and 137; being absent. Three questions were 
asked about respiratory symptoms: ‘Do you usually 
cough first thing in the morning?’, ‘Do you usually 
cough during the day or at night ?, and ‘Do you get 
short of breath when hurrying on flat ground or 
walking up a slight hill?. The children were asked 
about their own cigarette smoking and whether their 
parents smoked cigarettes. Children who did not 
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have both parents living in the home were excluded 
from this analysis, as were those who did not know 
whether their parents smoked or who did not reply 
to the question. 11 children who did not report their 
own smoking were also excluded, leaving a total of 
2847 boys, 92% of responders, and 2988 girls, also 
92% of responders. 

The effect of the child's and parents' smoking on 
respiratory symptoms Was examined using the 
maximum likelihood method of Dyke and Patterson 
(1952). This method provides an analysis for pro- 
portions analogous to the analysis of variance used 
when the dependent variable is continuous. The 
child's smoking and the parents' smoking were 
regarded as two factors, each with several levels, and 
the proportion of children reporting the respiratory 
symptom was the response to these factors, that is, 
the dependent variable. The logit transformation was 
used to transform these proportions, and a linear 
model fitted. The effect of any interaction between 
the factors upon the transformed proportions was 
tested. If this interaction was not significant at the 
59%% level then the effects of the two factors inde- 
pendently were examined. Each factor was con- 
trolled for the effect of the other. 


Results 


The prevalence of smoking by children and parents is 
shown in Table 1. Boys were more likely to smoke 
than girls, and both were more likely to smoke if 
their parents did. Because some of the subgroups of 
child smokers were small, in subsequent tables we 
have combined children who smoked 1 or more 
cigarettes a day with those who smoked 1 or more a 
week, and also those groups where one parent only 
was a smoker. 


Table 1 


Child's cigarette smoking 


Table 2 shows the prevalence of reported cough 
first thing in the morning and the relationship of this 
to both the parents’ smoking and the child’s own 
smoking. Children who smoked were more likely to 
report a morning cough than were the children who 
did not, and the proportion reporting the symptom 
increased as the amount smoked increased. Children 
whose parents smoked were more likely to report a 
morning cough than were the children of nonsmokers, 
and the proportion of children reporting the symp- 
toms was greatest when both parents smoked. For 
boys, only the effect of the child's own smoking was 
significant (P<0-001). The effect of the parents was 
not significant (0:05 -— P <0: 10). For the girls there 
were significant effects of both the child's and parents' 
smoking; each relationship remained significant 
when the other was allowed for (parents P-—0-05, 
child P<0-001). For neither boys nor girls was there 
any interaction between the effects of parents’ and 
child's smoking on respiratory symptoms, that is, 
there was no evidence that the effect of parental 
smoking was different when the child was a non- 
smoker from that when the child was a smoker, or 
that the effect of the child's own smoking was 
altered by the parents' smoking. The effects of the 
two factors appeared to be additive. 

The prevalence of cough at other times during the 
day or at night is shown in Table 3. This was more 
frequently reported than cough first thing in the 
morning, the overall prevalence of day or night 
cough being 25% compared to 4% for morning 
cough. Among both boys and girls, smoking by 
child and by parent were each associated with an 
increase in the prevalence of the symptom. The 
patterns for boys and girls were very similar. The 
effect of the child's smoking was highly significant, 
even when parents’ smoking was taken into account 


Prevalence of smoking among children and parents for cases where both parents’ and child's smoking is known 





Never Smoked Smoke Smoke 1 or more Smoke I or more 
Parents’ smoking smoked only once occasionally per week per day Total 
n 9 o n 9 o n J 0 n r o n 3 o n % 

Boys 

Neither 480 56:6 256 30-2 90 10:6 13 1:5 9 1-1 848 100-0 
Mother only 140 39.9 150 42-7 43 12-3 10 2:8 8 2:3 351 100-0 
Father only 292 42.9 243 35:7 104 15-3 24 3.5 17 2-5 680 100-0 
Both. 391 40-4 327 33.8 159 16:4 45 4:6 46 4.8 968 100-0 
Total 1303 45-8 976 34-3 396 13-9 92 3.2 80 2:8 2847 100-0 
Girls 

Neither 673 72-1 213 22:8 37 4-0 7 0:7 4 0-4 934 100-0 
Mother only 233 58-2 116 29.0 39 9-8 8 2-0 4 1-0 400 100-0 
Father only 398 57:8 214 31-1 66 9-6 6 0-9 4 0-6 688 100-0 
Both 498 51:6 304 31:5 123 12:7 33 3-4 8 0-8 966 100-0 
Total 1802 60:3 847 28:3 265 8.9 54 1:8 20 0-7 2988 100-0 
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Table 2. Prevalence* of morning cough for different smoking groups 
Eee 


Child's cigarette smoking 





Smoke 1 or more 





Parents! smoking Never smoked Smoked only once Smoke occasionally per week Total 
n 96 n E n % n % n % 

Boys 

Neither 11 (480) 2:3 6 (256) 2:3 3 (90) 3:3 4 (22) 18-2 24 (848) 2-8 
One 16 (432) 3:7 13 (393) 3:3 6 (147) 4-1 11 (59) 18-6 46 (1031) 4-5 
Both 14 (391) 3-6 9 (327) 2-8 7 (159) 4:4 18 (91) 19-8 48 (968) 5:0 
Total 41 (1303) 3:1 28 (976) 2-9 16 (396) 4-0 33 (172) 19-2 118 (2847) 4-1 
Girls 

Neither 6 (673) 0-9 6 (213) 2-8 2 (37) 5-4 3 (11) 27-3 17 (934) 18 
One 14 (631) 2-2 13 (330) 3-9 4 (105) 3.8 2 (22) 9-1 33 (1088) 3-0 
Both 12 (498) 2:4 19 (304) 6:3 10 (123) 8:1 5 (41) 12:2 46 (966) 4-8 
Total 32 (1802) 1-8 38 (847) 4:5 16 (265) 6:0 10 (74) 13-5 96 (2988) 3-2 


a ee 


*Total number in the group in parentheses. 


Table 3 Prevalence* of cough at other times during the day or at night 
SS 


Child's cigarette smoking 





Parents" smoking Never smoked Smoked only once 


Smoke 1 or more 





Boys 

Neither 93 (480) 19 52 (256) 20 
One 75 (432) 17 117 (393) 30 
Both 98 (391) 25 92 (327) 28 
Total 266 (1303) 20 261 (976) 27 
Girls 

Neither 96 (673) 14 56 (213) 26 
One 127 (631) 20 91 (330) 28 
Both 111 (498) 22 104 (304) 34 
Total 334 (1802) 19 251 (847) 30 


Smoke occasionally per week Total 

n ^o n % n % 
25 (90) 28 8 (22) 36 178 (848) 21 
42 (147) 29 27 (59) 46 261(1031) 25 
67 (159) 42 45 (91) 49 302 (968) 31 

134 (396) 34 80 (172) 47 741 (2847) 26 
11 (37) 30 5 (11) 45 168 (934) 18 
36 (105) 34 10 (22) 45 264 (1088) 24 
47 (123) 38 20 (41) 49 282 (966) 29 
94 (265) 35 35 (74) 47 714 (2988) 24 





*Total number in the group in parentheses. 


(P<0-001), as was the effect of the parents’ smoking 
even when the child’s was taken into account 
(P<0-01). There was no interaction between the 
effects of the two factors. 

The prevalence of breathlessness is shown in 
Table 4. The overall prevalence was slightly lower 
than for cough during the day or at night, but the 
relationship with smoking was very similar. For both 
boys and girls, the effects of the parents’ and the 
child’s smoking were significant, and there was no 
interaction between the two effects. 

The relationship between symptom and cigarette 
smoking was similar for morning cough, day or 
night cough, and breathlessness. The prevalence of 
the symptom was higher among children who 
smoked than among children who did not. The 
prevalence was also higher among the children of 
smokers than among the children of nonsmokers. 


There was no interaction between these two factors. 
However, the size of the effect of cigarette smoking 
on the prevalence of symptoms differed from one 
symptom to another. The effect of a factor upon a 
symptom may be measured by the relative risk of 
reporting a symptom in the group with the greatest 
amount of smoking compared to the group of non- 
smokers. For example, after adjusting for the effects 
of the boy’s own smoking (to the ‘never smoked’ 
level), the proportion of boys reporting day or night 
cough was 18% among those neither of whose 
parents smoked and 24% among those both of whose 
parents smoked. The relative risk of reporting cough 
when both parents smoke is then 24/18, that is, 1.4. 
We can use this to compare the effects of a factor 
upon the different symptoms. We cannot, of course, 
compare the effects of different factors upon the same 
symptom, as the size of the relative risk depends upon 
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Table 4 Prevalence* of breathlessness when hurrying on flat ground or walking up a slight hill, for different smoking 


groups 


aaa, 


Child’s cigarette smoking 








Smoke 1 or more 





Parents? smoking Never smoked Smoked only once Smoke occasionally per week Total 

n 96 n o n % n % n % 
Boys 
Neither 47 (480) 10 34 (256) 13 16 (90) 18 6 (22) 27 103 (848) 12 
One 51 (432) 12 51 (393) 13 37 (147) 25 17 (59) 29 156 (1031) 15 
Both 56 (391) 14 54 (327) 17 34 (159) 21 37 (91) 41 181 (968) 19 
Total 154 (1303) 12 139 (976) 14 87 (396) 22 60 (172) 35 440 (2847) 1S 
Girls 
Neither 96 (673) 14 43 (213) 20 9 (37) 24 4 (11) 36 152 (934) 16 
One 110 (631) 17 63 (330) 19 30 (105) 29 8 (22) 36 211 (1088) 19 
Both 92 (498) 18 78 (304) 26 38 (123) 31 17 (41) 4l 225 (966) 23 
Total 298 (1802) 17 184 (847) 22 77 (265) 29 29 (74) 40 588 (2988) 20 


*Total number in the group in parentheses. 


Table 5 Relative risk* of reporting different symptoms for children who smoke and for children whose parents smoke 


Relative risk for children who smoke I or more cigarettes 
per week, over children who have never smoked 


Cough first thing 
in morning 


Cough during day 
or at night hurrying 


Boys 5.9 
Girls 6-8 


NN 


4 
6 


NN 


9 
“3 


Breathless when 


Relative risk of children of parents both of whom smoke, over 
children neither of whose parents smoke 


Breathless when 
hurrying 


Cough first thing 
in morning 


Cough during day 
or at night 


1-4 1-4 1-4 
2-0 1-5 1-3 





*Adjusted for the effect of the other factor to the nonsmoker level. 


the smoking categories chosen, the use of more 
extreme categories producing higher relative risks. 
Table 5 shows the relative risks for each factor. The 
risks due to parents’ smoking is very similar for each 
symptom. It may be noted that although the relation- 
ship between smoking by the boys' parents upon 
morning cough was not significant, the relative risk 
was similar to that for other symptoms. This lack of 
statistical significance may reflect the much lower 
prevalence of the symptom rather than a lesser effect. 
The effects of the child's smoking upon breathless- 
ness and cough during the day or at night were very 
similar in degree, but the effect of the child's smoking 
upon cough first thing in the morning was much 
greater than either. 

The three symptoms were not independent. 
Children who reported one symptom were more 
likely to report others than those who did not report 
the symptom. In particular, 70°% of boys and 64% of 
girls who reported a cough first thing in the morning 
reported a cough at other times during the day or at 
night, compared to 24% of boys and 23% of girls 
who did not report a morning cough. Any compari- 
son of the symptoms must take this into account and 
the risks of reporting different combinations of 
symptoms must be examined. The relative risk of 


children who smoked reporting both cough symp- 
toms was 6:4 for boys and 7:0 for girls. For morning 
cough only these relative risks were 5-1 and 4:5 and 
for cough at other times during the day or at night 
only they were 1:7 and 2-0. Although the reporting 
of both symptoms showed the greatest response to 
the child's smoking, morning cough alone was more 
closely related to smoking than day or night cough 
alone. 


Discussion 


Both their parents’ and their own smoking were 
found to have an effect upon the children's respi- 
ratory symptoms. The effects of these two factors 
were independent and, in particular, the relationship 
between the child's own smoking and respiratory 
symptoms could not be accounted for by their 
parents’ smoking. The effect of the child's smoking 
was most marked for cough first thing in the morn- 
ing, where a sixfold increase in prevalence was 
observed as against nonsmokers, compared to a 
twofold increase for other coughs and breathlessness. 

The prevalence of children's smoking in this study 
is similar to recent studies in children of similar age 
(Bewley et al., 1973; Bewley and Bland, 1976) as is 
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the relationship with respiratory symptoms. The 
prevalence of smoking among their parents corre- 
sponds well with the national estimates of Lee (1976), 
who found 54% male and 49% female cigarette 
smokers in the age group from which most parents of 
12-year-old children are likely to come. The relative 
risk of morning cough among child smokers was also 
higher than the risk of cough during the day or at 
night in several other studies (Holland e: al., 1969; 
Bewley et al, 1973; Bewley and Bland, 1976), 
although to a lesser degree than here. This was not 
apparent, however, in the data of Holland and Elliott 
(1968). None of these authors commented on the 
difference. 

A possible objection to our analysis is that the 
information on smoking and respiratory symptoms 
was collected from the children themselves. It may be 
that children expect coughing to be a result of 
smoking, and this may influence their replies to the 
questionnaire. However, when data on the child's 
respiratory symptoms were obtained from the parent, 
a relationship with parental smoking was still found 
(Cameron et al., 1969; Norman-Taylor and Dickin- 
son, 1972; Colley, 1974). 

Our findings, using symptoms obtained from the 
child, confirm these reports. An association between 
the child's symptoms as reported by parents and the 
child's smoking has also been reported (Holland et al., 
1969). A further objection is that other factors, such 
as area of residence, overcrowding in the home, etc., 
may account for some or all of the relationships 
found. The relationship between the child's smoking 
and respiratory symptoms has been shown to exist 
for urban and rural dwellers and when social class is 
taken into account (Holland ef al., 1969). Little 
evidence has been presented on the effect of such 
factors on the association with parental smoking. 

It is difficult to explain the different relationships 
to smoking of cough first thing in the morning and 
cough at other times during the day or at night. Both 
these reported symptoms possibly include a range of 
both real and imagined respiratory conditions, but it 
may be that ‘cough during the day or at night 
includes a number of allergic and other conditions 
unconnected with tobacco smoke, whereas ‘cough 
first thing in the morning’ is a far more specific 
response to smoking, and may represent the begin- 
nings of a smoker’s career of chronic bronchitis. In 
this study the children will be followed prospectively 
up to the age of 16, and it will be interesting to see 
whether these symptoms continue. 
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Viral infection as a precipitant of wheeze in children 


Combined home and hospital study 


I. MITCHELL,* J. M. INGLIS, and H. SIMPSON 


From the Royal Hospital for Sick Children, and Regional Virus Laboratory, City Hospital, Edinburgh 


SUMMARY Sixteen children with asthma were studied for one year and viral isolation attempted 
during all episodes of wheezing. In 91 episodes investigated, 13 viruses were isolated (isolation rate 
14%), whereas only one virus was isolated from 120 specimens taken when the children were 
symptom free. Rhinovirus was the commonest isolate and most were obtained during August, 
September, and October. Episodes of wheezing associated with virus infection were not clinically 
different nor more severe than those due to other precipitants. 


Upper respiratory tract infection is one of the 
apparent precipitants of wheezing attacks in children. 
A relationship between viral infection of the upper 
respiratory tract and wheeziness has been shown in 
several studies—hospital inpatients (McIntosh et al., 
1973), hospital outpatients (Minor et al., 1974a, 
1976), and general practice (Horn et al., 1975). Some 
have been confined to the winter months and case 
selection has been biased by the exclusion of children 
whose wheezing attacks were thought not to be 
precipitated by infection (Berkovich ef al., 1970; 
McIntosh er al., 1973; Minor et al., 1974a, 1976). 
We recently reported a 3-year hospital based study 
(Mitchell et al., 1976) free from these constraints of 
timing and case selection and confirmed the associa- 
tion of viral infection and wheeziness. The selection 
of appropriate controls presents difficulties and to 
overcome this viral culture has been attempted in 
index patients during wheeze-free periods (McIntosh 
et al., 1973; Minor et al., 1976). 

This study was undertaken to determine the inci- 
dence, nature, and seasonal variation of viral 
infection in children with recurrent wheeziness. The 
children were chosen consecutively, whatever the 
suspected precipitant of wheeze, and were studied 
for one year. Viral culture was attempted during all 
exacerbations of wheeze, whether or not viral infec- 
tion was suspected on clinical grounds or admission 
to hospital occurred. The clinical features of wheezy 
episodes were noted. By attempting viral culture 
during symptom-free periods control data were 
obtained. 


"Present address: Hospital for Sick Children, Toronto, 
Ontario, Canada. 


Received 1 June 1977. 


Patients and methods 


Sixteen children attending the respiratory clinic at 
the Royal Hospital for Sick Children were enrolled 
in the study between 1 January and 31 March 1975 
and remained in the study for one year. They were 
selected if they had had three or more wheezing 
attacks during the preceding year, if they lived 
within Edinburgh, and had a telephone at home. The 
permission of parents and general practitioners was 
obtained. Table 1 gives clinical details. There were 7 
boys and 9 girls whose mean age at the start of the 
study was 4: 5 years (range 2: 1—6-3). The age of onset 
of respiratory symptoms varied from 3 months to 5 
years. 10 children had previous hospital admissions, 
7 gave a history of eczema, 3 hay fever, and 2 were 
allergic to eggs. All were within normal limits for 
height and weight and had a normal chest x-ray and 
peak expiratory flow rate between attacks. 13 gave 
positive skin tests to a variety of allergens, 7 had an 
eosinophil count in peripheral blood of — 1:0 x 109/1 
and 4 had a raised IgE concentration in blood. They 
received regular treatment throughout the study. 
There was a history of asthma, eczema, hay fever, or 
urticaria in the first-degree relatives of 14 patients. 

Diaries were issued every 6 weeks (Fig. 1) to 
facilitate analysis of the prodromata and clinical 
features of the attacks. New episodes of respiratory 
illness were reported and patients seen at home 
within 48 hours by one of us (LM.). Apparent 
precipitants were noted and clinical signs of upper or 
lower respiratory tract infection sought. Nasal and 
throat swabs were taken for viral cultures. Acute 
episodes were treated by the general practitioner. 
Patients were reassessed clinically every 6 weeks and 
swabs again taken for viral culture. These were 
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Table 1 Clinical details 
na 
Patient First-degree relatives 
ai i Ri REDE E E C — M 
Case no. Sex Age at start Age at onset No. of hospital Eczema ( past Regular treatment Asthma Eczema, 
of study (yr) of respiratory admissions or present) during study hay fever, 
symptoms (vr) before study urticaria 
1 M 3-6 1:9 3 - S — + 
2 M 6:2 3.0 3 — SCG - + 
3 M 4:4 0:3 3 + B + + 
4 M 4-2 0-8 0 — B + + 
5 M 6-3 2-0 0 — B — * 
6 M 2:9 1-0 2 + B + + 
7 M 4:5 0-3 0 + S T + 
8 M 3°2 0-8 0 -- S — — 
9 M 2:1 1:5 3 -— S + -— 
10 F 5.3 1-5 0 — S -— — 
11 F 3:2 2-0 3 E S + + 
12 F 4-1 0-8 1 + B + + 
13 F 5-2 5.0 1 -- B + — 
14 F 5-4 5-0 8 -— SCG + + 
15 F 6-3 2-0 0 -— B — + 
16 F 5°3 3-0 10 4 B -— + 





S = salbutamol (oral or inhaled); SCG = sodium cromoglycate; B = beclomethasone dipropionate aerosol. 
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COMMENTS 


(if something unusual) CALLE 
Fig. 1 Diary card issued to patients. + or — indicates 


symptoms present or absent. The numbers refer to doses of 
medication. 


considered to be ‘control specimens’ if the children 
were symptom free and remained so for a further 5 
days. 

All swabs were placed immediately in Hanks's 
balanced salt solution + 0-2% bovine albumin, and 
83% taken to the virus laboratory within one hour. 
17% of the specimens taken during acute episodes 
and 11% of the control specimens were kept in a 
refrigerator at 4^C overnight before transfer to the 
laboratory. All specimens were inoculated on to cell 
cultures within 2 hours of arrival at the laboratory, 
being kept at 4^C throughout. On two occasions cell 
cultures were not available; the specimens were then 
stored at —70^C until cultures were available. The 
subsequent culture techniques have been described 
(Simpson et al., 1974). 


Results 


Table 2 shows that there were 127 episodes of wheez- 
ing and virus culture was attempted in 91 (72%). 
Omissions were sometimes unavoidable, for example 
when the child was away from home or when the 
parent delayed more than a day or so in reporting to 
us. 13 viruses were isolated (isolation rate 14 77). The 
number of viruses isolated from individual patients 
varied, but no more than 3 were isolated from any 
one patient. There were no viral isolates from 5 
patients (one with 11 episodes investigated), and one 
patient was symptom free throughout the study. The 
commonest isolates were rhinovirus (5 occasions) 
and Coxsackie A9 (3 occasions). Only one virus, a 
polio virus type 1 in a child immunised a few days 
previously, was isolated from the 120 control 
specimens. 

Fig. 2 shows the monthly distribution of episodes 
of wheezing and virus isolation. There was some 
variation in the number of episodes of wheezing per 
month, but this was not marked, being lowest in 
July and highest in September and October. More 
than half the isolates were obtained during August, 
September, and October, the other viruses being seen 
at varying times and no isolates in May, June, July, 
or December. 

Fig. 3 shows the relationship between the initial 
diagnosis and the subsequent virological results. 56 
episodes of wheeze were thought to be associated 
with upper respiratory tract infection and 7 isolates 
were obtained (13%); in 35 episodes, in which the 
precipitant was thought to be other than infection. 
there were 6 isolates (17 ^). 

Preceding nasal symptoms were also unhelpful in 
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Table 2 Results of virus culture 
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Case no. No. of episodes of wheezing No. with viral culture attempted Viruses isolated No. of control visits Virus isolated 
1 9 7 Coxsackie A9 8 0 
p 3 2 Rhinovirus 7 0 
3 12 9 Echo 19; rhinovirus 8 0 
(2 isolates) 
4 17 11 Rhinovirus; 5 0 
adenovirus 1 
5 5 4 7 0 
6 8 6 0 5 0 
7 9 7 Coxsackie A9 5 Polio 1 
8 8 2 0 8 0 
9 9 8 Adenovirus 2 8 0 
10 11 8 Rhinovirus 7 0 
11 8 4 Respiratory syncytial 10 0 
virus 
12 11 11 0 9 0 
13 5 4 0 9 0 
14 6 4 Parainfluenza 1 6 0 
15 0 0 0 9 0 
16 6 4 Coxsackie A9 10 0 
Total 127 91 13 121 l 
Wanra CT Vincents the diagnosis of viral infection, being present in 5 of 
exacerbations investigated CZA isolated the 13 episodes with positive virology (38%) and in 
» 23 of the 78 virus-negative episodes (13°). The 


Number of episodes 





CxA9 Rh 

Rh(2) 
PF1 E19 Cxag C XA9 
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Fig. 2 Monthly variations in exacerbations of wheezing 
and virus isolations. Rh — rhinovirus; Ad 1 & 2 — adeno- 
virus types 1 & 2; RSV — respiratory syncytial virus; 
PFI = parainfluenza type 1; Cx A9 = Coxsackie type A9; 
E19 = Echo type 19. 
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Fig. 3 Apparent precipitant and subsequent virological 
results, 


12 admissions were of 5 patients (Cases 1, 3, 6, 9, 11) 
of whom one (Case 9) was admitted 6 times. The 
duration of wheeze (mean + SD) in the 13 episodes 
precipitated by viruses was 4:1 + 2:6 days and in the 
78 other episodes 4-8 + 2:9 days. We have no 
evidence that proven viral infection increases the 
severity (by these criteria) of wheezing episodes. 

All specimens were taken within 5 days of the onset 
of symptoms. 60 episodes were investigated within 48 
hours and in 10 (17%) virus culture was positive. 
31 specimens were taken 3, 4, or 5 days after onset 
and 3 were positive (1027). From the 17 specimens 
taken during acute wheezy episodes and stored 
overnight, 4 viruses were isolated. An additional 11 
episodes of respiratory illness (‘colds’) not associated 
with wheeze were investigated but not included in 
the analysis. Two viruses (parainfluenza 3 and influ- 
enza A) were isolated. 


Discussion 


Our virus isolation rate (14%) is similar to that in a 
3-year study of children with acute asthma investi- 
gated on admission to hospital (Mitchell e al., 1976). 
However, many of the previous studies (Table 3) 
relating viral infection and wheeziness in children 
are not directly comparable. Neither of the studies of 
Minor et al. (1974a, 1976) continued throughout one 
complete year, and viral isolation was only attempted 
when respiratory tract infection appeared to be the 
precipitant of the acute attack of asthma. Thus 
difference in design and more frequent sampling 
during episodes of wheeze may explain the higher 
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isolation rate they obtained. However, as our results 
showed that apparent respiratory infection, wheezing, 
and viral isolation do not correlate well, other factors 
may be involved. In studies of different populations 
and design, wide variations in virus isolation rates 
are seen, ranging from 6% obtained by Disney et al. 
(1971), in acute admissions to hospital, to 4297 by 
McIntosh et al. (1973) in long-term hospital 
inpatients. In a 5-year general practice survey, Horn 
et al. (1975) found a virus isolation rate of 27:7% in 
children who wheezed with apparent respiratory 
infections. 

Difficulty in selecting controls has been common 
to most studies. Disney et al. (1971) used as controls 
47 children admitted with respiratory infection 
without wheeze and found a virus isolation rate of 
23 % compared with 4% in asthmatic children admit- 
ted during the same period. Nonasthmatic sibs have 
also been used (Minor et al., 1974b) but cannot be 
matched for age, sex, or school environment. 
McIntosh et al. (1973) and Minor et al. (1974a, 1976) 
used index cases as their own controls and isolated 
viruses (parainfluenzae types 1, 2, and influenza A2) 
in control specimens. The isolation rate in completely 
symptom-free children is not clear. Their conclusion 
that virus isolation is less likely in symptom free 
children accords with ours and suggests that the 
viruses isolated during wheezing episodes are indeed 
the precipitants. 

Rhinoviruses are the commonest viral precipitants 
of wheeze, forming some 40% of the isolates in most 
studies (see Table 3). The primacy of respiratory 
syncytial virus in one study (McIntosh ef al., 1973) 
may be due to timing—during the winter months, 
the age of the patients, and possible exposure to 
hospital cross-infection. Respiratory syncytial virus 
has been identified less often in wheezy children in 
other studies, though it is the commonest pathogen 
in acute bronchiolitis of infancy. There is no clear 
evidence that other viruses are as consistently 
associated with wheeziness, although some, e.g. 
parainfluenza and influenza A, have been isolated 
from wheezy children by most of the above workers. 

The question arises whether our low isolation rate 
of viruses resulted from inadequate techniques. Our 
methods of collecting and transporting specimens 
and the laboratory techniques compare with those of 
other investigators. Specimens were taken imme- 
diately to the laboratory and no child was investi- 
gated more than 5 days after the onset of symptoms. 
Horn et al. (1975), studying the effect of storage of 
specimens at 4^C overnight, showed that this did not 
affect the viral isolation rate. However, a slightly 
higher isolation rate might have been obtained by 
more frequent sampling during episodes of wheeze. 
It is likely that the viral isolation rate reflects the 


incidence of viral infection in these children and was 
not spuriously depressed to a significant extent. 

We suggested previously (Mitchell et a/., 1976) 
that viral precipitants influence the severity of 
asthmatic attacks. However, we were unable to 
confirm this or to show that asthmatic children are 
particularly susceptible to viral infections as sugges- 
ted by Minor et al. (1974b), both points being 
relevant to any consideration of the use of specific 
antiviral measures in asthmatic children. Our 
patients were representative of asthmatic children 
seen at a hospital outpatient clinic, the majority 
having a family history of asthma or atopic disorders, 
positive skin tests, and high IgE concentrations in 
peripheral blood. Several in whom we isolated 
viruses during wheezy episodes also gave a history of 
wheezing with other precipitants, such as exercise or 
exposure to pollens or dust. We would expect specific 
measures such as vaccination (McIntosh ef al., 1974) 
to be disappointing in such patients, even if this 
therapy were available. It is unlikely that vaccines to 
combat rhinovirus infection—the commonest viral 
pathogen—will be developed in view of the large 
number of rhinovirus serotypes. At present the 
mainstays of long-term treatment for many of these 
children will continue to be simple environmental 
control measures and the use of prophylactic drugs 
such as sodium cromoglycate or steroid aerosols. 


We thank Mrs M. Hamilton who co-ordinated the 
community aspects of the study, and Mrs D. Tervit 
and Mrs B. Abbott for secretarial assistance. 
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Management of nephroblastoma in childhood 


Clinical study of two forms of maintenance chemotherapy 


MEDICAL RESEARCH COUNCIL’S WORKING PARTY ON EMBRYONAL TUMOURS IN 


CHILDHOOD* 


SUMMARY This report presents results of the first multicentre study of the treatment of nephro- 
blastoma in the United Kingdom. Of 114 children entered in the trial, 108 with localised tumours and 
without identified metastases were treated by nephrectomy and a 4-day course of actinomycin D, 
followed by radiotherapy: they were then allocated randomly either to receive further courses of 
actinomycin D or to receive vincristine for a period of 2 years from diagnosis. The children have so 
far been followed for periods of between 27 and 69 months; at this stage the superiority of vincristine 
(in the dose given) to further actinomycin D in preventing local recurrence and metastasis borders on 
significance; the difference between survival rates also suggests an advantage for vincristine but is 
not statistically significant. The actuarial survival and continuous disease-free rates at 2 years were 
71:7% and 53-6 % respectively in the actinomycin D group compared with 87-8 % and 79-4% in the 


vincristine group. 


Nephroblastoma accounts for 5% of all malignant 
disease in childhood in the UK and affects 1 in 
200 000 children under the age of 15 years (Marsden 
and Steward, 1968). Treatment has traditionally been 
by nephrectomy. The first major advance in treat- 
ment followed the introduction in 1931 of nephrec- 
tomy by an anterior transperitoneal and trans- 
abdominal approach. Over the next 20 years in the 
Boston Children's Hospital, where all children with a 
diagnosis of nephroblastoma were treated in this way, 
there were no deaths from operation (Gross, 1953). 
When, in 1950, in the same hospital, radiotherapy 
was added, an overall survival rate of 50% was 
achieved (Gross and Neuhauser, 1950). Interest in 
chemotherapy was stimulated when the enhancement 
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of radiation by actinomycin D was reported by 
D'Angio et al. (1959), and later when Farber and 
others reported improved survival (Farber et al., 
1960; Colebatch et al., 1964; Farber, 1966; Fernbach 
and Martyn, 1966; Burgert and Glidewell, 1967). 
Vincristine was shown to be of value by Sutow (1965) 
and Sullivan and Sutow (1969). 

The first randomised trial in the treatment of 
nephroblastoma was that of the Children's Cancer 
Study Group A (Wolff et al., 1968); nephrectomy 
was followed by radiotherapy and the children then 
received either a single course of actinomycin D, 15 
vg/kg daily for 5 days immediately after surgery, or 
continued with repeated maintenance courses of that 
dosage at 6 weeks and 3 montbs after operation and 
then every 3 months until 15 months from diagnosis. 
Early results reported in 1968 suggested that the 
multiple-course regimen was superior in preventing 
local recurrence and metastatic disease, but a later 
report (Wolff et al, 1974) showed that many 
children who developed metastases after the single 
course of chemotherapy had been cured by further 
chemotherapy. The survival rates in the two groups 
were not statistically different. 

When Ledlie et al. (1970) reviewed the results of 
treatment in the UK between 1962 and 1966 the 
overall survival was only 32°% at 3 years; and only 
about one-third of patients had received chemo- 
therapy. It was against this background that the 
Medical Research Council Nephroblastoma Study 
was designed to determine whether actinomycin D or 
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vincristine was the better adjuvant maintenance 
chemotherapeutic agent in the prevention of 
recurrent and metastatic disease after primary 
treatment by nephrectomy, paraoperative actino- 
mycin D, and radiotherapy. The study began in 
August 1970; entry terminated in March 1974 
because preliminary results from the US National 
Wilms’s Tumour Study indicated that, for main- 
tenance, single-agent chemotherapy was not as 
effective as the combination of vincristine and 
actinomycin D (D’Angio et al., 1976). 


Methods 


Patient selection. Any child between 1 and 14 years 
with a nephroblastoma diagnosed at operation was 
eligible for inclusion in the study if there was no 
spread outside the abdominal cavity or to the liver. 
Children aged under one year were excluded 
because of the better prognosis (Margolis et al., 
1973) and the dangers of cytotoxic chemotherapy at 
this age. 


Investigations. Standard investigations were full 
blood count, measurement of blood urea and 
electrolyte levels, urine microscopy and culture, 
chest x-ray—posteroanterior and lateral films, and 
intravenous pyelogram. Although it was suggested 
that further investigations such as liver scan, lung 
tomogram, and inferior venacavogram might be 
helpful, they were not mandatory. 


Operative treatment. A transabdominal, transperi- 
toneal approach was suggested: the renal vessels 
were to be exposed and ligated as soon as possible 
and before mobilisation of the kidney. Macroscopi- 
cally abnormal lymph nodes were to be removed, but 
routine formal retroperitoneal dissection was not 
advocated. 


Staging of disease. The same classification as in the 
National Wilms's Tumour Study Group (D'Angio, 
1972) was used. The three stages included in the 
present study were identical with groups I, II, and 
III of the American study. 


Stage I Tumour confined to the kidney and 
completely resected. 


Stage II Tumour extending beyond the capsule of 
the kidney either by local infiltration, extension 
along the renal vein or involvement of the para- 
aortic nodes, but complete macroscopical removal 
achieved. 


Stage III Tumour extending beyond the capsule of 
the kidney and not completely resected or the 
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operative field contaminated with tumour spilled at 
operation. 

The other two groups, not included in the MRC 
trial are: 


Stage IV Haematogenous metastases—deposits in 
liver, lung, bone, and brain or other distant sites. 


Stage V Bilateral renal involvement either initially 
or subsequently. 

Staging was determined by the surgeon at the time 
of operation and subsequently confirmed or adjusted 
by the pathologist's report. 


Paraoperative chemotherapy. All patients were given 
a course of actinomycin D 15 ug/kg per day for 4 
days; the first dose was given on the day of operation 
as soon as diagnosis was confirmed, then daily for 
the next 3 days provided that the total white cell 
count was 2:5 x 10?/l and platelet count — 100 x 
109/1. Otherwise the doses were spaced over 6 days. 


Radiotherapy. Because previously some radiotherapy 
centres had treated the whole abdomen and others 
only the affected side, two treatment schedules were 
devised for stage I cases. Each centre adopted a 
single schedule (see below) for all its stage I cases and 
randomised comparison of the two was not possible. 
It was agreed that radiotherapy should start as soon 
as possible after surgery but always before the 15th 
postoperative day. 


Stage I cases—schedule A (Fig. 1 (i)). At centres 
where treatment had customarily been given to the 
whole abdomen, but not including the true pelvis, 
this practice was continued, and the volume treated 
was from the sacral promontory to the level of the 
ninth dorsal vertebra with shielding of the unaffected 
kidney throughout. Megavoltage radiation was 
recommended and the tumour doses given were: 
(i) 3000 rads in 20 fractions in 4 weeks; (ii) 3250 rads 
in 25 fractions in 5 weeks, (iii) 3500 rads in 30 
fractions in 6 weeks. In a few centres kV had to be 
used and the dose was adjusted to be radiobiologi- 
cally equivalent. 


Stage I cases—schedule B (Fig. 1). At those centres 
which considered schedule A to be too extensive the 
following alternative was given: the volume to be 
treated extended from the flank on the affected side 
to 1 cm lateral to the spine on the contralateral 
side. The vertical limits were from the level of the 
iliac crests to the dome of the diaphragm. The field 
was sufficiently large to include the tumour bed and 
the immediate primary lymphatic drainage; the 
tumour dose was as for schedule A (Fig. 1, schedule 
B). 
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Schedule A (i) 


Schedule A (ii) Schedule B 


Fig. 1 Diagram of the three different suggested 
radiotherapy fields. 


Stage II and III cases. The treatment was as in 
schedule A, except that in stage III patients in whom 
‘spill’ had occurred or there was thought to be disease 
in the true pelvis, the volume was extended down- 
wards to the pelvic floor. It was accepted that where 
complete shielding of the opposite kidney was 
considered impossible, the dose of radiation received 
by that kidney would be safe provided that it was 
shielded throughout from the back-field (Fig. 1— 
schedule A (ii)). 


Maintenance chemotherapy. Patients were allocated 
at random to one of two treatment regimens, each 
starting 6 weeks after completion of radiotherapy 
(Fig. 2). (i) Repeated 4-day courses of actinomycin D 
15 ug/kg per day at 12-week intervals for a total of 
eight courses; or (ii) vincristine 1-5 mg/m? weekly for 
6 weeks and then alternate weeks until 2 years 
from diagnosis. 
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15ug / kg IV 
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Pathology. Initial pathological investigation was 
carried out at the participating centre. Specimens 
were examined to ascertain whether there was renal 
vein involvement. The histological sections were also 
examined by a panel of pathologists to confirm the 
diagnosis and to correlate histology with spread of 
disease and prognosis. 


Statistical comparisons. Throughout this paper 
‘disease-free’ is defined as free of both metastatic and 
recurrent disease. Comparisons of percentage 
disease-free and percentage survival curves have been 
made using the logrank test (Peto and Pike, 1973). 


Patients 


114 patients from 19 centres were notified for 
inclusion; of these, 108 were randomised for 
chemotherapy, and 6 were excluded (3 of whom were 
found subsequently to have stage IV tumours and 3 
of whom died shortly after operation and before 
randomisation for maintenance therapy). There were 
61 boys and 47 girls; 57 tumours were on the left side 
and 51 on the right. The stage of tumour and age of 
the patients are shown in Table 1. 37 children 
presented with abdominal swelling and 35 with 
haematuria as their only complaint. 16 children had 





Table 1 Distribution of patients by age and tumour stage 
Age (vears) 

Stage 1-0— 2:0— 3:0— 4:04 Total 

I 9 9 9 18 45 

II 8* 9 8 10 35 

IJI 5 5 - d 15 30 

IV 2 l 3 

Unstaged i* 1 

Total 24 24 22 44 114 





*The 3 postoperative deaths occurred in these groups. 


Then at 2 weeks 
Total 8 courses 





Fig. 2 Diagram of 
the plan of the trial. 
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abdominal pain. Dysuria, anorexia, diarrhoea, 
vomiting, weight loss, and lethargy were less 
frequent presenting symptoms. 


Deviations from protocol 


The period between operation and starting x-ray 
therapy was longer than the recommended 15 days 
for 21 patients; 3 of these had definite postoperative 
complications. Other deviations from the protocol 
occurred for 54 patients; 18 of these had their 
treatment stopped or modified because of deteriora- 
tion in their condition. In the remainder the differ- 
ences were only minor and judged to be of no 
significance. 


Results 


Results have been assessed up to 1 May 1976, giving 
a follow-up period of between 27 and 69 months. 
All the surviving children will be followed up 
indefinitely. 


Freedom from metastases and survival in all patients 
randomly allocated for maintenance chemotherapy. 
The distribution of the 108 patients is shown in 
Table 2 together with actuarial percentages of those 
disease-free and surviving at 1 year, 2 years, and 3 
years. The corresponding curves are shown in Figs. 
3 and 4 respectively. A comparison of the percentage 
disease-free curves in Fig. 3, using the logrank test, 
indicates after adjustment is made for tumour stage 
that the difference between them borders on statistical 
significance at P = 0:05 (x? = 3:66, df = 1, P = 
0-056). Similarly, Fig. 4 suggests a better percentage 
survival for the vincristine patients, but the difference 


Disease free 100 
(%) 


90 — 

80 

70 = D 
ae Vincristine (n = 53) 

60 m 

50 Actinomycin D (n = 55) 

40 


0 10 20 30 40 50 60 70 


Interval from entry to trial (months) 


Fig. 3 Actuarial percentage disease-free curves for all 
patients allocated chemotherapy. 
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Fig. 4 Actuarial percentage survival curves for all 
patients allocated chemotherapy. 


between the two curves is not significant at P = 0-05 
(x2 = 2:70, df = 1, P = 0-100). Comparison of the 
disease-free and survival percentages for the three 
tumour stages after adjustment for chemotherapy 
indicates that patients with stage I tumours have a 
better prognosis than patients with stage II or III 
tumours. 


Results in patients actually receiving maintenance 
chemotherapy. Of the 108 randomised patients, 7 
(1 actinomycin D, 6 vincristine) did not receive their 
allotted chemotherapy, for reasons shown in Table 
3, and a further 11 patients (5 actinomycin D, 6 
vincristine) developed metastases before chemo- 
therapy was started; thus 90 disease-free patients 
started the randomly allocated course of maintenance 
chemotherapy. 12 (1 actinomycin D, 11 vincristine) 
of these 90 were withdrawn for reasons other than 
progressive disease. The intervals to withdrawal, the 
current status, and the reasons for withdrawal are 
given in the lower part of Table 3. 

The percentage disease-free and survival curves 
for the 90 patients are shown in Figs. 5 and 6 
respectively: the vincristine group has a higher 
percentage disease-free survival than the actinomycin 
D group (x? = 7-05, df = 1, P = 0-008) and a 
higher percentage survival (x? — 4:54, df — 1, 
P — 0-033). These comparisons, which assess the 
difference between the two chemotherapies in those 
patients who are disease-free at the start of main- 
tenance chemotherapy, are less reliable than those in 
all patients as a result of the selective elimination of 
18 patients (6 actinomycin D, 12 vincristine) from 
the analysis. 

There was no association between the stage of the 
tumour and age (Table 1), nor any important 
difference in the disease-free or survival percentages 
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Table 3 Patients withdrawn from the trial for reasons other than progressive disease 


Allocated chemotherapy 


Reasons for withdrawal (n) 


Interval from diagnosis to Current status* 


withdrawal (m) 


Tumour stage 


a 


Patients never receiving 
allocated chemotherapy 
Actinomycin D 


Vincristine 
Patients withdrawn from 


allocated chemotherapy 
Actinomycin D 


Vincristine 


Clinician’s decision, vincristine used instead (1) 


Postoperative complications (1) 
Hypertension after radiation (2) 


1 
1 
1,1 
1,1 
1 


Clinician’s decision (2) : DT 
Postoperative complications and liver toxicity (1) 
Toxic reaction to actinomycin D (1) 14 IH A 
Clinician’s decision (5)—(severe retardation, 

dislike of I.V. injection, family problems, 

unwell, psychological distress) 223 5 LIL,ILEI D,A,A,A,A 
Vincristine neuropathy (4) 4,7,9,15 ILLI Dt,A,A,A 
Anaemia with repeated courses of vincristine (1) ae I A 
Developed pulmonary tuberculosis (1) 23 I A 


*A = alive; D = dead; + = developed metastases subsequent to withdrawal. 
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Fig. 5 Actuarial percentage disease-free curves for all 
‘disease-free’ patients receiving allocated chemotherapy. 
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Fig. 6 Actuarial percentage survival curves for all 
‘disease-free’ patients receiving allocated chemotherapy. 


3 


for (1) age groups; (2) right-sided and left-sided 
tumours; (3) patients for whom the delay between 
diagnosis and operation was 10 days or more, 
compared with the remainder; (4) patients for whom 
the duration of x-ray therapy exceeded 5 weeks, and 
the remainder; and (5) the two x-ray schedules in 
stage I patients. 


Metastatic disease and death. 39 out of the 108 
patients developed metastases: 11 between 5 and 12 
weeks from diagnosis, i.e., before starting mainte- 
nance chemotherapy ; of these, 10 have died despite 
further therapy; 23 while on maintenance chemo- 
therapy (18 in the first year, 5 in the second); of these, 
14 have died. All 14 had evidence of progressive 
disease, although the immediate cause of death in 
one case was intestinal obstruction. 3 children 
developed metastases after withdrawal from main- 
tenance chemotherapy; of these, 2 have died from 
progressive disease and the third has a tumour in the 
remaining kidney. 2 children developed metastases 
after completion of maintenance chemotherapy more 
than 2 years from diagnosis, both have had further 
therapy and are now free of disease. 

Three patients developed bone metastases as the 
first manifestation of further disease and 2 other 
patients (each of whom had a second laparotomy) 
developed liver metastases. Clinical evidence of liver 
metastases appeared in 2 other patients. In the 
remaining 32 patients the spread of progressive 
disease was detected first in the lungs. The 13 
survivors who have developed metastases, all of 
whom have had further treatment either with 
surgery, radiotherapy, or chemotherapy, have been 
off treatment for periods varying between 10 and 
36 months. There has been one further death in a 
child removed from therapy, who developed pneu- 
monia. 
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Complications of therapy (Table 3). 


Paraoperative chemotherapy and radiotherapy. 2 
patients developed hypertension with evidence of 
renal damage considered to be radiation nephritis 
due to the enhancing effect of paraoperative 
actinomycin D. These 2 patients have been previously 
reported (Arneil ef al, 1974). Another patient 
developed a postoperative abscess which delayed 
radiotherapy, and later had liver damage with ascites 
and thrombocytopenia after radiation for a right- 
sided tumour. This syndrome has also been ascribed 
to the enhancement of radiation by actinomycin D 
(Tefft et al., 1970; McVeagh and Akert, 1975). 


Maintenance chemotherapy. 


(a) Actinomycin D (49 patients). One patient deve- 
loped a severe toxic reaction to actinomycin D 
therapy and treatment was stopped at 14 months. 


(b) Vincristine (41 patients). 4 patients showed 
vincristine neuropathy. One of these patients was 
changed to actinomycin D and a full treatment 
schedule was completed. One patient developed 
intractable anaemia after 22 months of vincristine 
therapy; the bone marrow showed hypoplastic 
changes which have now resolved. Another patient 
developed pulmonary tuberculosis. 2 other patients, 
one of whom has since died of progressive disease, 
were said to be unwell on vincristine but no specific 
pathological changes were reported. 

Most of the 90 patients who received maintenance 
chemotherapy suffered hair loss, usually after the first 
course of treatment, but normal regrowth was seen 
despite subsequent courses of drug treatment. 
Significant leucopenia and thrombocytopenia were 
not a problem. No late toxicity or other complication 
has so far been reported. 


Conclusions 


After a paraoperative course of actinomycin D, 
vincristine in the dose given appears to be marginally 
more effective both in preventing the development 
of metastases and in prolonging survival than does 
further actinomycin D. But the study shows no clear 
advantage of either therapy alone and, indeed, the 
report of the US National Wilms's Tumour Studv 
suggests that maintenance with a combination of 
vincristine and actinomycin D is superior to the use 
of either drug alone when used in the regimen 
described (D'Angio et al., 1974). 

The results obtained from the present practice for 
the management of the disease show a useful 
advance over the results reported by Ledlie et al. 
(1970) for a period some 8 years earlier, and the fact 


that they have already been overtaken is encouraging 
in the hope it offers for continuing progress. 

The study leaves unanswered some questions 
which, notwithstanding the US results, merit 
investigation. (1) Could the paraoperative course of 
actinomycin D be with advantage omitted or 
replaced by vincristine? (2) Is such an intensive and 
prolonged course of vincristine necessary? (The 
present study suggests that such a course is difficult 
to maintain, although this was not the experience 
of all centres participating in the trial.) (3) Should 
chemotherapy be introduced at an earlier stage or be 
given for a longer period of time to prevent the 
development of the early metastases found in 11 of 
the children in this study? 

The introduction of new drugs may bring still 
further improvements, particularly in the manage- 
ment of poor-risk patients. Patients with metastatic 
disease have already been shown to respond to 
doxorubicin and this drug is being tested in combina- 
tion with vincristine and actinomycin D in stage II 
and III patients in the US and the MRC studies in 
progress. 


References 


Arneil, G. C., Harris, F., Emmanuel, I. G., Young, D. G., 
Flatman, G. E., and Zachary, R. B. (1974). Nephritis in 
two children after irradiation and chemotherapy for 
neuroblastoma. Lancet, 1, 960—963. 

Burgert, E. O., and Glidewell, O. (1967). Dactinomycin in 
Wilms' tumor. Journal of the Americar. Medical A ssociation, 
199, 464—468. 

Colebatch, J. H., Howard, R., Williams, A. L., Kurrle, G. R., 
and Clark, A. C. L. (1964). Results of actinomycin D 
therapy for Wilms’ tumor. Acta Unio Internationalis Contra 
Cancrum 20, 491-492. 

D'Angio, G. J. (1972). Management of children with Wilms’ 
tumor. Cancer, 30, 1528-1533. 

D'Angio, G. J., Farber, S., and Maddock, C. L. (1959). 
Potentiation of X-ray effects by actinomycin D. Radiology, 
73, 175-177. 

D'Angio, G., Beckwith, J. B., Bishop, H., Breslow, N., 
Feigl, P., Evans, A., Goodwin, W., Pickett, L., Sinks, L., 
Sutow, W., Tefft, M., and Wolff, J. (1974). The national 
Wilms' tumor study (NWTS). Preliminary results. (Abst.) 
Proceedings of the American Association of Cancer Research, 
15, 68. 

D'Angio, G. J., Evans, A. E., Breslow, N., Beckwith, B., 
Bishop, H., Feigl, P., Goodwin, W., Leape L. L., Sinks, 
L. F., Sutow, W., Tefft, M., and Wolff, J. (1976). The 
treatment of Wilms’ tumor: results of the national Wilms’ 
tumor study. Cancer, 38, 633-646. 

Farber, S. (1966). Chemotherapy in the treatment of leukemia 
and Wilms’ tumor. Journal of the American Medical Associa- 
tion, 198, 826-836. 

Farber, S., D'Angio, G. J., Evans, A., and Mitus, A. (1960). 
Clinical studies on actinomycin D with special reference to 
Wilms' tumor in children. Annals of the New York Academy 
of Science, 89, 421—425. 

Fernbach, D. J., and Martyn, D. T. (1966). Role of dactino- 
mycin in the improved survival of children with Wilms' 
tumor. Journal of the American Medical Association, 195, 
1005-1009, 


Gross, R. E. (1953). Surgery of Infancy and Childhood, p. 596. 
Saunders, Philadelphia. 

Gross, R. E., and Neuhauser, E. B. D. (1950). Treatment of 
mixed tumors of kidney in childhood. Pediatrics, 6, 
843-852. 

Ledlie, E. M., Mynors, L. S., Draper, G. J., and Gorbach, 
P. D. (1970). Natural history and treatment of Wilms’ 
tumor: an analysis of 335 cases occurring in England and 
Wales, 1962-66. British Medical Journal, 4, 195—200. 

McVeagh, P., and Akert, H. (1975). Hepatotoxicity of 
chemotherapy following nephrectomy and radiation 
therapy for right-sided Wilms’ tumor. Journal of Pediatrics, 
87, 627-628. 

Margolis, L. W., Smith, W. B., Wara, W. M., Kushner, J. H., 
and De Lorimier, A. A. (1973). Wilms’ tumor—an inter- 
disciplinary treatment program with and without dactino- 
mycin. Cancer, 32, 618-622. 

Marsden, H. B. and Steward, J. K. (1968). (Editors.) Tumours 
in Children. Springer, Berlin, Heidelberg, and New York. 
Peto, R., and Pike, M. C. (1973). Conservatism of the 
approximation 5(0 —E)?/E in the logrank test for survival 

data or tumor incidence data. Biometrics, 29, 579—584. 

Sullivan, M. P., and Sutow, W. W. (1969). Successful therapy 

for Wilms’ tumor. Texas Medicine, 65, 46-51. 


Management of nephroblastoma in childhood 119 


Sutow, W. W. (1965). Chemotherapy in childhood cancer 
(except leukemia). An appraisal. Cancer, 18, 1585-1589. 
Tefft, M., Mitus, A., Das, L., Vawter, G. F., and Filler, R. M. 
(1970). Irradiation of the liver in children: review of 
experience in the acute and chronic phases, and in the intact 
normal and partially resected. American Journal of Roent- 
genology, Radium Therapy, and Nuclear Medicine, 108, 

365-385. 

Wolff, J. A., Krivit, W., Newton, W. A., and D'Angio, G. J. 
(1968). Single versus multiple dose dactinomycin therapy 
of Wilms’ tumor. A controlled co-operative study conduc- 
ted by the Children's Cancer Study Group A (formerly 
Acute Leukemia Co-operative Chemotherapy Group A). 
New England Journal of Medicine, 279, 290—294. 

Wolff, J. A., D'Angio, G., Hartmann, J., Krivit, W., and 
Newton, W. A., Jr. (1974). Long-term evaluation of single 
versus multiple courses of actinomycin D therapy of Wilms’ 
tumor. New England Journal of Medicine, 290, 84—86. 


Correspondence to Dr P. Morris Jones, Department 
of Child Health, Royal Manchester Children's 
Hospital, Pendlebury, Manchester M27 1HA. 


Archives of Disease in Childhood, 1978, 53, 120-125 


Computed tomography in diagnosis of abdominal 
masses in infancy and childhood 


Comparison with excretory urography 


JOHN C. LEONIDAS, BARBARA L. CARTER, LUCIAN L. LEAPE, MAX L. RAMENOFSKY, AND 
ALAN M. SCHWARTZ 


From the Department of Radiology (Division of Pediatric Radiology), and Department of Surgery ( Division of 
Pediatric Surgery), New England Medical Center and Tufts Uni versity School of Medicine, Boston, 
Massachusetts 


SUMMARY Computed tomography (CT) of the abdomen and pelvis was performed in 26 instances 
of suspected mass in 24 infants and children. The information obtained was compared to that of 
standard abdominal radiography and excretory urography (IVP). Results were analysed prospec- 
tively. CT was able to detect and define masses more precisely than abdominal radiography and IVP. 
The information obtained by CT, in a single noninvasive examination emitting minimal ionising 
radiation, seems comparable to that offered by a combination of multiple radiological and other 
imaging procedures. It is conceivable that with accumulating experience and further technological 
improvement CT may become an excellent screening procedure in the investigation of abdominal 


and pelvic masses. The high cost of CT scanning may be offset by the benefits cited. 


Computed tomography (CT) was developed by 
Hounsfield of EMI-tronics Inc., Central Research 
Laboratories in 1972 and within a short time 
practically revolutionised imaging of the skull and 
its contents (Hounsfield, 1973; Ambrose, 1973; 
Baker et al., 1974; New et al., 1974; Baker, 1975). 
CT scanning is a noninvasive and easily reproducible 
diagnostic procedure carrying virtually no risk to the 
patient, other than minimal radiation exposure 
equivalent to conventional radiological examinations 
(American Academy of Pediatrics, 1977; Brasch et 
al., 1977). It is not surprising therefore that CT 
scanning has had a profound impact on the practice 
of neurology, neurosurgery, and neuroradiology, 
having reduced sharply the need for more con- 
ventional diagnostic procedures, such as A-mode 
echoencephalography, intracranial pneumography, 
and radionuclide brain scanning (Baker, 1975). 
Several reports indicate the usefulness of body CT 
scanning in adults (Alfidi et al., 1975; Sheedy et al., 
1976; Carter et al., 1977), and in infants and children 
experience with CT of the head, neck, and spine is 
rapidly growing (Harwood-Nash and Breckbill, 
1976; Hammerschlag et al., 1976). Experience with 
body CT in paediatric patients, however, is scant 
(Boldt and Reilly, 1977; Pinto and Becker, 1977), and 
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no attempt has been made to evaluate its performance 
in comparison with other radiographic techniques. 
Excretory urography (intravenous pyelography, IVP) 
has proved reliable in the diagnosis of abdominal and 
pelvic masses in infants and children and is usually 
the first radiological examination to be performed. A 
comparison was therefore made between CT scan- 
ning of the abdomen and pelvis and IVP, in a group 
of infants and children known or suspected of having 
abdominal and/or pelvic masses. 


Materials and methods 


Since July 1975, when a body scanner was installed 
at the Tufts-New England Medical Center, a total of 
26 CT scans of the abdomen and pelvis were per- 
formed in 24 infants and children. In all patients the 
purpose of the examination was clinical suspicion of a 
mass. There were 16 males and 8 female patients, 
ranging in age from 1 day to 14 years. They had had 
the usual laboratory investigations and in addition 
plain film radiography and IVP before CT scanning. 
Other imaging examinations were only performed as 
indicated in the individual patient. Moreover CT 
studies were limited to only those patients who still 
presented important diagnostic problems after other 
imaging examinations had been completed. 
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All CT scans were performed with an Ohio 
Nuclear Delta scanner which produces two simul- 
taneous 13 mm sections in 2:5 minutes. The unit 
provides images in a 256 x 256 matrix. X-ray absorp- 
tion values are recorded from low absorption values 
of —1000 (air) to high absorption of +1000 (dense 
bone). The absorption of water is 0. Detailed 
description of the principles and technique of CT 
scanning is given elsewhere (New et al., 1974; 
Harwood-Nash and Breckbill, 1976). 

General anaesthesia was not used since sedation 
with chloral hydrate (50 mg/kg to a maximum of 
100 mg/kg) proved adequate. In one newborn and all 
children older than 6 years no sedation was used. 
Each procedure was monitored by a radiologist who 
determined the necessity for additional views or 
sections or injection of contrast medium. 

IVPs were obtained before CT scans. After an 
initial abdominal radiography, sodium diatrizoate 
50% was injected intravenously (2-4 ml/kg of body 
weight) and films were taken at 3 and 5 minutes. 
Subsequent films were obtained as required for 
complete demonstration of the urinary tract. The 
diagnostic contribution of CT was determined 
before surgical confirmation or final diagnosis and 
compared with that of the IVP. Data were collected 
prospectively. 

Certain limitations leading to biased conclusions 
should be noted. (1) Many abdominal masses proved 
to be outside the retroperitoneal space and less 
likely to have produced abnormalities on the 
IVP. Since the IVP is the initial evaluation of a 
child suspected of having an abdominal mass, we 
considered the comparison valid. (2) The results of 
the IVP were available during the interpretation of 
CT. (3) Experience with CT was limited, especially 
during the early period of the study. With additional 
experience the accuracy of interpretation of CT scans 
increased. (4) Motion artefacts on CT scans caused 
degradation of the image in some instances. Greater 
application of CT to paediatrics is expected with the 
latest generations of CT scanners now available, with 
scan times of 2-5 seconds. Although motion artefacts 
may still be present, they will be sharply reduced. 
(5) Intravenous and oral contrast material for scan- 
ning was used sparingly in our patients, a fact which 
has undoubtedly limited information. 

To facilitate comparison of data between IVP and 
CT scanning an arbitrary scoring system was 
devised. A normal study was given a score of 0. If 
both studies were positive and provided similar 
information, each was given a score of 1. If either 
study was the only one positive, or it offered addi- 
tional information not obtained from the other, it 
was given a score of 2. False-positive results were 
given a negative value (—1 or —2 depending on 


whether the other examination was also misleading). 
False-negatives were assigned 0. The presence 
of a mass and its anatomical position and size 
was confirmed in the majority of cases by surgical 
exploration, and its nature by histological examina- 
tion. In some instances exploration was carried out 
only to confirm absence of disease. In a few cases 
strong clinical evidence (i.e. known primary neo- 
plastic disease) supported by positive findings on a 
number of imaging procedures indicated the 
presence and extent of tumour. Absence of disease 
was most often established by lack of any abnormali- 
ties on a variety of diagnostic tests and imaging 
examinations, disappearance of symptoms and signs, 
and no evidence of abnormality on follow up. 


Results 


Table 1 summarises the abdominal and pelvic masses 
found. Comparison of the diagnostic performance of 
IVP and CT is given in Table 2. 2 patients had IVPs 
and CT scans twice. 


Table 1 Final diagnosis in 24 patients 


————————————————M—— 


Neural crest tumour 
Rhabdomyosarcoma 
Retroperitoneal lymphangioma 
Wilms's tumour 

Ovarian dermoid 

Ureteropelvic junction obstruction 
Choledochal cyst 

Hydrops of the gallbladder 
Retroperitoneal haematoma 
Normal 


ON t meee NNWA 


Total 24 


UE 


CT scanning and IVP showed similar information 
in 12 instances. In 3 cases of neural crest tumour CT 
gave superior information (better definition of intra- 
spinal extension of tumour in 1, calcification enhanc- 
ing the diagnostic probability of neuroblastoma in a 
second (Fig. 1), and correct localisation of tumour in 
the presacral space in a third). In one case of 
rhabdomyosarcoma soft tissue tumours were shown 
by CT but not by IVP. One Wilms's tumour 
arising from the anterior surface of the kidney gave 
the impression of an extrarenal mass on IVP, but it 
was correctly defined as an intrarenal tumour by CT. 
Ultrasound, however, also gave correct information 
in this case. Diseases of the liver and gallbladder 
were better defined by CT (Cases 13, 17, 18, Figs. 
2. 3), as expected by their nature. The only possible 
false-positive information obtained by CT was in 
Case 24, a 13-year-old girl who complained of per- 
sistent abdominal pain after trauma. A very small 
mass was detected by CT anterior to the liver, un- 
confirmed by any other test, but she soon became 
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Table 2 Comparison of findings between IVP and CT 
eee 


Case Abdominal x-ray 








no. Sex Age Clinical findings and IVP LE Final diagnosis Comments 
I F 44 yr Abdominal mass 1 2 Retroperitoneal Extent of tumour more 
ganglioneuroblastoma accurately defined by CT; 
with intraspinal component extradural extension best 
defined by myelography 
2 M 7m - l 1 Retroperitoneal 
neuroblastoma 
3 M lI yr Urinary retention; 1 2 Presacral neuroblastoma IVP suggested intravesical 
constipation tumour 
4 M 2 yr Abdominal mass l 2 Retroperitoneal Calcification detected by CT 
neuroblastoma only 
5 M 10 d - l l Retroperitoneal 
neuroblastoma 
6 F 4m " l l Adrenal neuroblastoma Cystic mass identified by IVP 
(cystic) and CT; neuroblastoma 
detected microscopically on 
wall of adrenal cyst 
6m Persistently raised VMA 0* 0* Neuroblastoma in para-aortic Liver metastases 1-3 mm in 
postoperatively node; liver metastases diameter 
7 F 2 yr Abdominal mass 1 l Rhabdomyosarcoma of 
bladder and peritoneum 
8 M 7 yr Abdominal pain and 0* I Recurrent pelvic 
neurological deficit rhabdomyosarcoma 
9 F 14 yr Mass in groin | 2 Extensive pelvic and Ureteric obstruction by 
abdominal tumour with hydronephrosis 
rhabdomyosarcoma on IVP and CT; multiple 
intra-abdominal metastatic 
foci best defined by CT 
10 M 3m Abdominal mass I 1 Retroperitoneal lymphangioma 
11 M 5m - | 1 Retroperitoneal lymphangioma 
12 M 3 yr s: l | Wilms’s tumour 
13 M 7m 23 l 2 Wilms’s tumour Intrarenal origin of tumour 
best defined by CT 
2 yr Epigastric mass 1 2 Radiation atrophy of R lobe Identification of nature of mass 
of liver with compensatory by CT averted operation 
hypertrophy of L lobe 
14 F 24 yr Abdominal mass 1 I Ovarian dermoid 
15 M ld m 2 I Hydronephrosis caused by 
ureteropelvic junction 
obstruction 
16 M 11 yr Haemophilia; flank pain l | Retroperitoneal haematoma 
17 M 4 yr Abdominal pain; vomiting 0* 1 Choledochal cyst Cyst shown equally well by 
ultrasound 
18 M 13 yr Aplastic anaemia, 0* I Hydrops of gallbladder Oral cholecystography 
abdominal pain, fever informative 
19 F 12 yr Persistent abdominal pain —1 0 No evidence of disease IVP false positive, suggesting 
pelvic mass; CT indicated 
ureteral displacement by 
psoas muscle 
20 F 4m Twin of patient with 0 0 No evidence of disease 
neuroblastoma 
21 7 yr Abdominal pain; anaemia; 0 0 Leukaemia 
neoplastic cells in bone 
marrow 
22 M 2 yr Persistent diarrhoea; raised —1 0 No evidence of disease IVP questionably positive for 
VMA on one occasion adrenal mass 
23 M 5w Questionable abdominal 0 0 No evidence of disease Negative exploratory 
mass laparotomy 
24 F 13 yr Abdominal pain after 0 1 Indeterminate; now well Small mass anterior to liver 


trauma 


shown on CT may have 


represented haematoma 


C... 


0 = negative test; 0* = false negative; — 1 = false positive. For explanation of other numbers, see text. VMA = vanillylmandelic acid. 


asymptomatic. The finding on CT may have repre- 
sented a small haematoma. 

IVP was superior to CT only in a case of right 
congenital hydronephrosis, better defining the 
ureteropelvic junction obstruction as a cause. There 


were two false-positive examinations by IVP (Cases 
19, 22). In both, correct information from CT 
scanning avoided abdominal exploration for these 
normal children. In addition, the nature of the mass 
in Case 13 proved on CT not to be a metastasis 
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Fig. 1 Case 4. (a) CT scan 
with contrast enhancement at 
the level of the kidneys shows 
lateral displacement of both the 
right (RK) and left kidney (LK) 
by a large mass anterior to the 
spine. Arrows indicate calcifi- 
cations within the mass; v = 
vertebra. (b) IVP shows the 
mass but there are no detectable 
calcifications. Lymph node 
enlargement was therefore con- 
sidered in the differential 
diagnosis. At operation a large 
neuroblastoma was found. 
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Fig.2 Case 13. Postoperative CT scan 17 months after right nephrectomy for Wilms’s tumour. Palpable epigastric 
mass, seen also on IVP. CT scan shows atrophy of the right lobe of the liver ( RL) secondary to radiation injury, and 
compensatory hypertrophy of the left lobe (LL). y = vertebra, LK = left kidney (contrast is seen within its collecting 
system), ri = rib; S = spleen; gb = gallbladder. Black areas represent air within the bowel. 





Fig. 3 Case 17. Choledochal cyst (CC) and dilated intrahepatic bile ducts (thd). There was no palpable mass on 
examination and there was no evidence of jaundice at this time. RLL — right hepatic lobe; LLL — left hepatic lobe, 
S = spleen; v = vertebra. 
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obviating the need for laparoscopy. The overall 
performance of CT scanning was superior, with a 
score of 26 versus 15 for the IVP. 


Discussion 


The data obtained from this small group of infants 
and children suggest that CT scanning of the 
abdomen and pelvis is capable of accurately localis- 
ing masses and in many instances of providing 
anatomical information not available by conven- 
tional abdominal radiography and IVP. It is perhaps 
unfair to compare CT and IVP on a one-to-one basis, 
since most of the information expected from the 
latter is limited to the urinary tract and retro- 
peritoneal space. This limitation in itself, however, 
emphasises the value of CT which is capable of 
studying all intra-abdominal structures and tissues in 
one examination. Many times the localisation of a 
mass (whether intraperitoneal or retroperitoneal) is 
not clinically obvious, and investigation starts with 
an IVP, pursued if necessary with upper gastro- 
intestinal contrast study, barium enema, gallbladder 
series, abdominal echography, and some times even 
arteriography. When the information of all such 
imaging methods is combined it probably matches 
that obtained from CT scanning, but at the expense 
of time, higher radiation exposure, and often the risk 
of morbidity related to invasive procedures such as 
arteriography. At the present time CT scanning is 
expensive ($195 without and $245 with contrast 
enhancement at this institution, compared to $122 
for an IVP). This disadvantage is offset by signifi- 
cantly improving the quality of patient care as more 
invasive examinations are avoided and the danger of 
unnecessary Operations is minimised. It is possible 
that overall cost may actually decrease with the use 
of CT because of the need for fewer diagnostic tests, 
shorter hospitalisation, and restriction of surgery, 
though a definite statement will have to await further 
studies. It is hoped that with increasing experience 
and improvement in technology CT scanning will 
become the first procedure to be performed in 
children suspected of having an abdominal or pelvic 
mass, and it may be the only one needed in some 
cases. 

Specific advantages of CT scanning suggested by 
our study are: (1) CT may offer information regard- 
ing both the intraperitoneal and extraperitoneal 
tissues. It is especially helpful in the investigations of 
the liver and biliary tract without contrast media. 
(2) It can show small differences in x-ray absorption 
and identify masses in or adjacent to other structures 
of ‘water density’ not defined by conventional radio- 
graphy. It differentiates cystic from solid structures. 
Its ability to show minute calcifications within cer- 
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tain masses not seen by conventional radiographic 
techniques has been valuable in this study. (3) The 
size of a lesion is a limiting factor for CT. Small 
metastatic foci in the liver and a small (1 cm in 
diameter) para-aortic node infiltrated with neuro- 
blastoma were missed. (4) It is likely that the IVP 
will remain superior to CT in better defining intrinsic 
abnormalities of the collecting system of the urinary 
tract. 
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Endocrine studies in Fanconi’s anaemia 


Report of 4 cases 
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Switzerland 


SUMMARY Four boys with Fanconi’s anaemia and growth hormone (GH) deficiency are reported. 
Case | had isolated GH deficiency and responded to HGH and to oxandrolone treatment. Case 2, his 
brother, had milder haematological and dysmorphic manifestations and maintained a low-normal 
growth rate without treatment in spite of laboratory evidence of GH deficiency. Case 3 had multiple 
hypothalamopituitary defects, including deficiencies of GH, ACTH, and gonadotrophins. Case 4 had 
isolated GH deficiency and responded moderately well to HGH treatment. 3 of the 4 patients had 
bilateral cryptorchidism, 2 with increased plasma gonadotrophins, indicating primary testicular 
failure. We conclude that GH deficiency, isolated or combined with other hypothalamopituitary 
defects, and primary testicular failure with cryptorchidism are frequent but not constant features of 


Fanconi’s anaemia. 


In 1927 Fanconi reported a fatal disorder in 3 
brothers characterised by pancytopenia, bone mar- 
row hypoplasia, and multiple congenital anomalies. 
Fanconi’s anaemia or constitutional aplastic anae- 
mia, has since been reported in over 150 cases, and 
has been reviewed by Nilsson (1960) and Prindull 
et al. (1975). The pattern of inheritance appears to 
be autosomally recessive with variable penetrance. 
We report here the endocrine manifestations of the 
syndrome, with particular reference to the distur- 
bance in growth, in 4 patients. 

Retardation of growth has long been recognised 
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Abbreviations 


GH: growth hormone 

HGH: human growth hormone 
ACTH: adrenocorticotrophic hormone 
THS: tetrahydro-S 

TSH: thyroid-stimulating hormone 


TRH: thyrotrophin-releasing hormone 

LHRH: luteinising hormone-releasing hormone 
LH: luteinising hormone 

FSH: follicle-stimulating hormone 

HCG: human chorionic gonadotrophin 





as one of the basic criteria for the diagnosis. Cussen 
(1965) suggested that the dwarfism was due to 
pituitary insufficiency, and Pochedly ef al. (1971) 
documented impaired GH secretion in a child with 
the syndrome. In a preliminary communication we 
confirmed this finding in 2 brothers (Zachmann et al., 
1972), and others have since reported similar findings 
(Costin et al., 1972; Gleadhill et al., 1975; Clarke 
and Weldon, 1975; Prindull eż al., 1975; Stubbe and 
Prindull, 1975). It is not clear, however, whether 
the retardation in growth responds to HGH therapy, 
or whether impaired GH release is the cause of the 
dwarfism. We studied 4 boys, 2 of whom were 
brothers (Zachmann et al., 1972). Some of the inves- 
tigations were done several years ago so that some 
of the methods differ from present procedures, but 
this shortcoming does not influence the overall 
results. 


Case reports 


The height data and endocrine function of the 4 
patients are summarised in the Table. Growth and 
height velocity curves are shown in Figs. 1 and 2. 


Case 1. The elder of 2 brothers, born in 1965 at 
term after an uneventful pregnancy and delivery. 
Birthweight was 2550 g and length 45 cm. Bilateral 
absence of the thumbs, hypoplastic penis, and bila- 
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Table Age, height standard deviation score (SDS), and 
hypothalamopituitary function in 4 boys with Fanconi’s 
anaemia 


——Ó—ÁMÓÁ————— — —Q 


Age (yr) and height (SDS) 





At latest Hypothalamopituitary 
At diagnosis examination function 

Case 

no. Age SDS Age SDS GH ACTH TSH Gn 
l 2:9 —3:44 10:5 —401 | n n n 
2 1-2 —2.89 7:8 —3-14 n n ? 
3 4-6 —4-30 — — { ? l 
4 3:4 —4:79 4-4 —2-99 n n n 


| =deficient; n=normal; ?=not studied. 


teral cryptorchidism were present at birth, and 
subsequently a slight bilateral hearing loss was noted. 
He was referred at the age of 2:9 years for investiga- 
tion of small stature (height 79:2 cm). Hb was 9:6 
g/dl, total leucocyte count 8-3 x 109/1, and platelets 
50 x 109/1. Bone marrow was normal. Chromosomal 
analysis showed a 46,XY karyotype with abnormal 
mitoses; among 108 analysed mitoses, 45 showed 
breaks, gaps, and exchanges. The association of 
chromosomal abnormalities and anaemia with 


Oxandrolone SS 


HGH mma cm 
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thrombocytopenia and small stature with absent 
thumbs confirmed the diagnosis of Fanconi’s 
anaemia. 

Initial endocrine tests showed low-normal thyroid 
function: serum thyroxine 5:1 4g/100 ml (65:6 
nmol/l), Achilles tendon reflex time 272 ms (normal), 
serum cholesterol 163 mg/100 ml (4-2 mmol/l), 
resin-!31I-T3 uptake 32% (normal); and showed 
normal ACTH and adrenocortical function: normal 
water load excretion test, and plasma 11-hydroxy- 
corticoids increased from 32 to 52 yg/100 ml (0:88- 
1-43 umol/l) 90 minutes after insulin 4 U/m?. During 
the insulin tolerance test plasma GH levels did not 
increase (basal 1-6, maximum after insulin 1:7 ng/ 
ml). A 10-day nitrogen retention test (Prader et al., 
1968) showed that HGH caused a nitrogen retention 
of 31 -5% of the pretreatment excretion, which is typi- 
cal for GH deficiency. Bone age was 0-9 years by the 
method of Greulich and Pyle (1959). 

Additional endocrine studies gave the following 
results. Normal increase in urinary THS to 353 
ug/12 h per m? after metyrapone (Zachmann et al., 
1974). Basal serum TSH normal at 5:9 „U/ml. High 
response to TRH after intravenous injection of 


Chronological Age, years 


Fig. 1 


Growth curves of 3 boys with Fanconi’s anaemia. (a) Case 1, treated with HGH (Roos, 5 mg/m* twice weekly) 


and oxandrolone (0-1 to 0-3 mg/kg daily); (b) Case 2, untreated, brother of Case 1; (c) Case 4, treated with HGH 


(Crescormon Kabi, 3 mg/m? twice weekly). 
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Fig.2 Height velocity curves of 3 boys with Fanconi’s anaemia. (a) Case 1; (b) Case 2; (c) Case 4. Cases 1 and 4 


received HGH. 


200 ug/m? TRH (Roche) to >20 “U/ml after 20 and 
60 minutes. Increased pituitary gonadotrophin 
response to LHRH (25 ug/m? IV) at a bone age of 
0-9 years. Basal LH <5 ng/ml, the peak after 30 
minutes was 34 ng/ml; basal FSH 10 ng/ml, the 
peak 43 ng/ml after 60 minutes (LER 907 standard). 
It was concluded that the child had isolated GH defi- 
ciency and probably also primary testicular insuffici- 
ency. Treatment with HGH (Roos et al., 1963) 5 mg/ 
m? twice weekly was started at 3-2 years. Growth 
before and after treatment is shown in Figs. 1 and 2. 

Height was always below the 3rd centile (Tanner 
et al., 1966, Fig. la). Growth velocity for the first 
2 years of life was appropriate for age, but decreased 
rapidly during the third year so that at presentation 
the velocity of 4:3 cm/year was considerably less 
than the 3rd centile for age (Fig. 2a). HGH therapy 
caused a marked increase in growth velocity (to 
9-1 cm/year) during the first year, but this decreased 
later to a mean value of 5:2 cm/year in the absence 
of antibodies (Fig. 2a). Triceps skinfold thickness 
decreased during the first year of HGH administra- 
tion from 8:5 to 6:2 mm, but increased again to 
8:5 mm with continued HGH treatment. 

Height velocity fell from 5-4 cm/year to 1-8 cm/ 
year within one year of stopping HGH, but oxandro- 


lone 0-1 mg/kg per day caused an increase to 4-5 
cm/year (Fig. 2). This improvement in height velocity 
has not been maintained, falling recently to 3-4 and 
3-8 cm/year despite increasing the dose to 0-3 mg/kg 
per day. During 2 years of oxandrolone treatment 
bone maturation was not accelerated, increasing 
from 4-0 to 5-5 years (0-75 ‘years’ per year). 

Until the age of 6-6 years the Hb level was stable 
around 10 g/dl, with platelet counts ranging from 
25-50x 10?/lL. One month after an operation for 
cryptorchidism, however, Hb fell to 3-0 g/dl and 
platelets to 15 x 109/1. This was the first occasion that 
blood transfusion had been required and the per- 
sistently low platelet count thereafter was considered 
a contraindication to further injections of HGH. 
Four further transfusions were necessary before 
starting oxandrolone, which drug did little to im- 
prove the haematological status and 14 transfusions 
were required in 24 years. Oxandrolone did not 
increase the interval between transfusions. 


Case 2. The younger brother of Case 1, born in 1967 
2 weeks beyond term, weighing 2850 g with a length 
of 47 cm. Apart from a transient unexplained pyrexia 
during early pregnancy, gestation and delivery were 


nneventful. At birth he was noted to have duplica- 
tion of the thumbs (corrected surgically), a small 
penis, and malformed ears, but no cryptorchidism. 
Like his brother, he soon showed evidence of growth 
retardation and was investigated at age 1:2 years, 
weighing 12-94 kg, height 68-5 cm (both <3rd 
centile). Hb was 11:2 g/dl, total leucocyte count 10-8 
x 10?/1 with normal differential, and platelets 196 
x109/lL. Bone marrow was normal. Chromosomal 
analysis showed a 46,XY karyotype with abnormal 
mitoses; among 100 mitoses analysed, 58 showed 
chromosome breaks, gaps, and exchanges. As in his 
brother, the association of chromosomal anomalies, 
small stature, and congenital malformations con- 
firmed the diagnosis of Fanconi’s anaemia. 

Endocrine studies showed normal thyroid func- 
tion: Achilles tendon reflex time 156:5 ms, serum 
cholesterol 145 mg/100 ml (3: 76 mmol/l), resin-131]- 
T3 uptake 31:827. ACTH and adrenocortical func- 
tion were normal (normal rise in plasma 11-hydroxy- 
corticoids from 23:6 ug/100 ml to 45:8 ug/100 ml 
(0-65- 1:26 umol/l) during an insulin tolerance test). 
GH failed to increase during this test despite adequate 
hypoglycaemia (basal level 1 -9 ng/ml; maximum after 
insulin 2:2 ng/ml). (Arginine infusion and nitrogen 
retention test were not performed.) Basal plasma 
LH was 0-30 ng/ml at a bone age of 2:2 years which 
was regarded as normal. Although the endocrine 
studies were not complete, it was concluded that this 
patient probably had isolated GH deficiency as his 
brother. 

The height and growth velocity is shown in Figs. 
1b and 2b. Height has remained persistently < 3rd 
centile, but he has maintained a normal growth 
velocity without HGH therapy. At a chronological 
age of 4-9 years his bone age was 2:2 years, and at a 
chronological age of 7-8 years it was 4-5 years. Since 
1968 he has been followed regularly without re- 
quiring treatment. Hb and platelet count have re- 
mained between 10 and 11 g/dl, and 52 and 93x 
109/1, respectively. Because of his excellent progress, 
his parents have been reluctant to have further 
investigations carried out, and we do not yet know 
whether or not he has any defect in gonadotrophin 
function. 


Case 3. Referred from abroad. He was born in 1968 
at 33 weeks of gestation weighing 1800 g (50th 
centile). There was uncertainty of the gestation dates 
but he did not appear to be small-for-gestational-age. 
There was no family history of small stature or of 
congenital malformations. The first 2 months of life 
were spent in a preterm baby unit. He was referred 
to a paediatrician at the age of 4 years for investiga- 
tion of small stature, and was seen by us at age 4-6 
years. 
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At that time he was 86 cm tall, with a weight of 
10:4 kg (both —3rd centile). He had small eyes with 
a convergent strabismus, bilateral syndactyly of the 
2nd and 3rd toes, bilateral cryptorchidism, and 
bilateral hypoplasia of the thumbs; he also showed 
scattered areas of cutaneous pigmentation. Hb was 
8-9 g/dl, total white cell count 5:0 109/1 with nor- 
mal differential count, and platelets 40 x 109/1. Bone 
marrow showed a decrease in lymphocytes and 
megakaryocytes: chromosome breaks were observed 
in 5 out of 50 analysed metaphases and 2 exchanges 
were seen in 50 analysed cells. The presence of 
chromatin exchanges together with the haematologi- 
cal and skeletal anomalies confirmed the diagnosis of 
Fanconi’s anaemia. 

Bone age was 2:6 years. No rise in GH was seen 
after arginine infusion (0-5 g/kg); the basal GH level 
was 1:2 ng/ml, the maximum after arginine was 
1-0 ng/ml. Nor was there an increase in GH after 
insulin (basal GH 1-2 ng/ml, maximum 1:8 ng/ml) 
despite a minimum blood glucose of 19 mg/100 ml 
(1:05 mmol/l). No significant rise in plasma 11- 
hydroxycorticoids occurred during the insulin 
tolerance test (basal level 9:24g/100 ml (0-25 pmol/l), 
peak after 30 minutes 13:3 ug/100 ml (0:37 umol/l)) 
and plasma glucose remained low (27 mg/100 ml 
(1-5 mmol/l) after 60 minutes). Basal LH and FSH 
levels were 0-6 and 0-8 ng/ml respectively. LH did 
not increase after LHRH, and the rise in FSH (to 
1-6 ng/ml) was not significant. Basal plasma testos- 
terone was normal for a prepubertal child (0:5 ng/ 
ml; 1-73 nmol/l) but showed an insufficient peak re- 
sponse to 1:1 ng/ml (3:8 nmol/l) after a single stimu- 
lation with HCG (5000 U/m? IM). This result is 
compatible with gonadotrophin deficiency (Zach- 
mann, 1972). We planned to evaluate thyroid 
function, but he returned to his home abroad, and 
the parents declined further investigations. It is 
concluded that he has combined hypothalamopit- 
uitary insufficiency with evidence for a defect of GH, 
ACTH, and gonadotrophin secretion. 


Case 4. Born at term in 1971 by caesarean section 
because of a narrow maternal pelvis, weight 2490 g, 
length 47 cm. In 1973, HCG was given successfully 
for bilateral cryptorchidism. He was referred to us at 
age 3:4 years for investigation of small stature, at the 
time weighing 8 kg, length 81 cm, both — 3rd centile. 
He was a proportionally small child with café-au-lait 
pigment spots, small eyes, and convergent strabis- 
mus. The testes were palpable in the inguinal canals. 
Bone age was 1:5 years, and osteoporosis and bilat- 
eral short first metacarpal bones with pseudoepiphy- 
ses were seen on the hand x-ray, and there was sub- 
luxation of the right femur. Hb was 12:3 g/dl, total 
leucocyte count 6-8: 10?/1 with normal differential 
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count, and platelets 211 x 10?/l. Bone marrow was 
not examined. Chromosome studies were reported in 
detail by Hayashi and Schmid (1975). 

Endocrine studies showed an impaired GH res- 
ponse to arginine and to insulin-induced hypo- 
glycaemia: basal levels 0-7 ng/ml and 1:8 ng/ml, 
peak values after stimulation 1-1 ng/ml and 0-7 ng/ml 
respectively. Plasma 11-hydroxycorticoids were 
13-1 ug/100 ml (0-36 pmol/l) before and 39-6 ug/100 
ml (1-C9 mol/l) after insulin. Blood glucose remain- 
ed low and was only 23 mg/100 ml (1:28 mmol/l) 120 
minutes after insulin. The rise of urinary THS after 
metyrapone was at the lower normal limit (280 mg/ 
m? per 12 h). TRH test was normal (basal TSH 1-1, 
after 20 minutes 19:0 wU/ml), serum thyroxine 8:2 
ug and 6:3 4g/100 ml (105:5 and 81-1 nmol/l). 
LHRH test showed basal LH and FSH levels of 15-0 
ng/ml and 86 ng/ml respectively, rising to abnormally 
high peak values of 140 ng/ml and 137 ng/ml re- 
spectively after 60 and 30 minutes. It was concluded 
that he had isolated GH deficiency as in Cases 1 and 
2. As in Case 1, there was evidence of additional 
primary testicular insufficiency. 

Growth and height velocity is shown in Figs. Ic 
and 2c. He was treated with HGH (Crescormon, 
Kabi) 3 mg/m? twice weekly for one year. Growth 
velocity before treatment was 5: 5 cm/year, increasing 
to 7-8 cm/year during the first 6 months of treatment. 
Growth velocity over the whole year of HGH 
treatment was 7:2 cm/year. Triceps skinfold thickness 
decreased from 9-8 to 6:4 mm during the first year of 
treatment. 


Discussion 


Most reports on Fanconi's anaemia have been pri- 
marily concerned with the haematological aspects of 
the disease, as these cause the most dramatic mani- 
festations. However, there are some physical charac- 
teristics which suggest additional endocrine defects. 
Nilsson (1960) reviewed the physical anomalies 
reported in 68 cases and found that the features 
possibly related to endocrine dysfunction were 
cryptorchidism in most boys, abnormal pigmentation 
in 51, stunted growth in 38, and hypogenitalism in 
15 children. 2 cases examined at necropsy showed 
evidence of multiple endocrine abnormalities. 
London et al. (1965) reported a 3-year-old girl who 
had died from a haemorrhagic diathesis and who had 
severe hypoplasia of the pituitary, thyroid, left 
adrenal gland, and ovaries. The right adrenal was 
absent. Cussen (1965) reported an abnormally small 
pituitary in a 13-year-old boy, who during life had 
had low steroid excretion. Pochedly eż al. (1971) first 
documented impaired GH secretion in patients with 
this syndrome, and this has been confirmed (Zach- 


mann et al., 1971; Costin et al., 1972; Schettini and 
Cavallo, 1973; Clarke and Weldon, 1975; Gleadhill 
et al., 1975; Prindull et al., 1975; Stubbe and Prin- 
dull, 1975) in further patients. It has not been 
established, however, whether the short stature is 
responsive to HGH therapy, and GH deficiency is 
probably not a constant feature of the syndrome 
(Stubbe and Prindull, 1975). Gleadhill et al. (1975) 
detected no increase in height velocity during HGH 
therapy in their patient, though a nitrogen retention 
test had shown short-term sensitivity to the hormone. 
It is unlikely that this case was GH deficient, however, 
since GH increased to 12 ng/ml during one of the 
insulin tolerance tests. 

Our cases, though not studied as thoroughly as 
we would have liked, showed a spectrum of endo- 
crine abnormality. All were of small stature and in 
3 this was apparent at birth. 3 patients had bilateral 
cryptorchidism. All had impaired GH release to at 
least one stimulus. In Cases 1 and 4 growth velocity 
decreased during the third year of life, and a definite 
period of catch-up growth followed HGH therapy 
but this was smaller than that usually seen in hypo- 
pituitary dwarfism. In contrast, Case 2 has maintained 
a normal growth velocity without HGH therapy. 
There is little doubt that the GH deficiency is the 
main cause of the postnatal growth retardation, 
though whether it also explains the prenatal growth 
retardation cannot be answered at present. 

Growth retardation can occur in any chronic 
disease, and anaemia could be a contributory factor 
in the aetiology of the dwarfism. However, at the 
time of our initial evaluations none of the children 
had symptomatic anaemia. The development of 
severe anaemia in Case 1 makes the response to 
oxandrolone difficult to evaluate, but a marked, 
though transient, increase in growth velocity 
occurred during this therapy. Ideally, HGH therapy 
should have been continued instead of oxandrolone, 
but the thrombocytopenia prevented this. This is 
unfortunate, since hepatic tumours have been re- 
ported after long-term therapy with oxandrolone 
and other 17-alkylated androgens (Bernstein et al., 
1971; Johnson et al., 1972; Guy and Auslander, 
1973; Farrell et al., 1975; Corberand et al., 1975). 

Pituitary-thyroid function was normal in the 2 
children in whom it was assessed. Pituitary-adrenal 
function was normal in 2 cases, borderline normal in 
1, and abnormal in the other. At the time of the 
studies, none of the cases had received treatment with 
exogenous steroids. Pituitary gonadotrophin func- 
tion was assessed in 3 of our cases, one (Case 3) 
showing clear evidence of gonadotrophin deficiency. 
The other 2 (Cases 1, 4) had high basa! gonadotro- 
phin levels and an increased response to LHRH, 
suggesting primary testicular insufficiency in addition 


to the growth hormone deficiency. Whether this 
hypergonadotrophic hypogonadism is the cause or 
the consequence of the cryptorchidism is not clear. 

Thus, the hypothalamopituitary defect can be 
summarised as follows. Case 1 appears to have 
isolated GH deficiency and responded satisfactorily 
to replacement therapy during the first year of 
treatment. His brother, Case 2, who had fewer 
congenital anomalies and a milder haematological 
abnormality, appears to have a partial GH deficiency 
but has maintained normal growth velocity without 
replacement therapy. Case 3 has the most generalised 
endocrine abnormality, showing evidence of GH, 
ACTH, and gonadotrophin deficiency. Case 4 again 
has isolated GH deficiency. 

It therefore appears that the endocrine manifesta- 
tions of Fanconi’s anaemia concern both the hypo- 
thalamopituitary unit and the testes. Like the haema- 
tological manifestations they can vary in severity, 
so that each patient requires individual assessment. 
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Urinary steroid estimations—review of their value 
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SUMMARY A retrospective study was made of 16 children with 21-hydroxylase-deficient congenital 
adrenal hyperplasia of the salt-losing variety, who were treated with fludrocortisone and prednisone 
and were in good health during the period under review. The height velocity of the children was 
subnormal, height achievement was poor, and their bone ages retarded. Urinary 17-oxosteroid and 
pregnanetriol excretion were used to monitor the therapy of the children and these data have been 
related to growth velocities. In spite of urinary steroid figures in excess of those published as desirable 
for monitoring therapy, the children failed to grow properly, probably as a result of glucocorticoid 
overdosage. Published urinary steroid criteria are considered too strict and in order to achieve them 
one would need to give unnecessarily high doses of steroid. Regular measurement of height velocity 
and skeletal maturation rate are better indicators of therapeutic control and should lead to more 


satisfactory growth and ultimate height. 


Children with congenital adrenal hyperplasia have 
been studied by various authors and in general have 
been shown to be of short stature (Bergstrand, 1966; 
Laron and Pertzelan, 1968; Rappaport et al., 1968; 
Stempfel eż al., 1968; Sperling et al., 1971; Bailey and 
Komrower, 1974; Brook et al., 1974). This may be 
caused either by premature closure of the epiphyses 
with advanced skeletal maturation in those coming 
to diagnosis late, or by the growth-retarding effects 
of steroid therapy (Raiti and Newns, 1970; Bailey 
and Komrower, 1974). 

It has been stated that the optimal dosage of 
steroid for pituitary suppression and steroid replace- 
ment should be between 15 and 40 mg hydrocorti- 
sone/m? per day up to the age of 8 years, thereafter 
increasing to 75 mg/m? per day at puberty (Migeon, 
1968; Sperling et al., 1971; Raiti and Newns, 1970; 
Brook et al., 1974). Progress usually has been 
monitored by clinical observation and by measure- 
ment of the urinary excretion of 17-oxosteroids and/ 
or of the specific metabolite pregnanetriol. 


Patients and methods 


Sixteen patients (15 girls, 1 boy) were studied retro- 
spectively ; all were cases of 21-hydroxylase deficiency 
of the salt-losing type who had been treated in this 
unit since the first 3 months of life. The children were 
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measured on a stadiometer at 3-monthly intervals 
and although the measurements were taken by four 
different observers the results when plotted on height 
centile charts gave smooth curves. In addition, the 
height velocities when calculated and plotted on to 
height velocity centile charts also gave smooth 
curves, suggesting that observer error was small. The 
height velocities were calculated on whole year 
increments and were then expressed as standard 
deviation scores using the data for velocity standards 
of Tanner et al. (1966). The first year of life was 
excluded as were measurements after the age of 7 
years because of the great variations in velocity 
possible during these periods. 

Urinary 17-oxosteroid and pregnanetriol estima- 
tions were carried out at 3-monthly intervals on 24- 
hour urine specimens. As soon as the child became 
fully continent these collections were carried out at 
home. A single high value was checked by repeating 
the test after an interval of one month. Levels for 
17-oxosteroid —1:5 mg/24 h under the age of 4 
years and —2-5 mg/24 h thereafter were taken as 
indicating satisfactory control. A pregnanetriol level 
— 0:5 mg/24 h at any age was thought to be satis- 
factory. 

The children were all treated during the period of 
this study with prednisone and fludrocortisone. The 
fludrocortisone dosage was adjusted to try to main- 
tain urinary Na excretion —200 mEq/24 h. In most 
cases this was achieved by a dose of 0-1 mg daily. 
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Results 


Fig 1. shows the height velocities for the children 
plotted as standard deviation scores (SDS). The height 
velocity for each child is plotted at the midpoint for 
age between the two points at which the measure- 
ments were made. It illustrates that the standard 
deviation scores are mainly negative and that the 
growth rate for these children was subnormal. 
Table 1 shows the 17-oxosteroid excretion of the 
children expressed as a mean for the whole group for 
each year of age. It illustrates that the values were 





Table 1 Urinary 17-oxosteroid excretion (mg/24 h) of 16 
children 

_ S — —n 
Age (years) Mean Standard deviation 

1-2 1:58 1:27 

2-3 1:12 40-79 

3-4 1-51 0:84 

4-5 2-38 41:24 

5-6 1:7 40:73 

6-7 2-32 +1°5 





mainly within our prescribed limits, 7475 of the 
estimations falling within this range. However, the 
range of values obtained was wide, 0-1—6:5 mg/24 h. 
Table 2 shows the pregnanetriol excretion of the 


Table 2 Urinary pregnanetriol excretion (mg/24 h) of 16 
children 








Age (years) Mean Standard deviation 
1-2 1:57 +2-19 

2-3 1-59 +2-3 

3-4 0:99 +1-26 

4-5 2:61 3-15 

5-6 1:62 -1:9 

6-7 2:03 42-58 


Height velocity SDS 





Age ( years) 


Fig. 1 Height velocity standard deviation scores (SDS) 
for 16 children plotted at the midpoint between which 
height measurements were made. 
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children expressed in the same manner, but illustrat- 
ing that the levels were higher than our prescribed 
limits, only 41 % of the estimations being <0-5 mg/ 
24 h. Again this range was wide, from undetectable 
to 12-0 mg/24 h. 

Fig. 2 shows the 17-oxosteroid excretions calcu- 
lated as a mean of the measurements taken within 
each year of height velocity measurement for each 
child and plotted against height velocity (SDS). The 
correlation coefficient is not significant (r = 0-23, 
P>0-05). Fig. 3 shows the same data for pregna- 
netriol. The correlation coefficients are not signifi- 
cant (r = 0-12, P»0:05). 


Height velocity 
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Fig.2 17-oxosteroid excretion plotted against height 
velocity. 


Height velocity 
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Fig. 3 Pregnanetriol excretion plotted against height 
velocity. 
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Discussion 


In a previous communication on this group of 
patients (Bailey and Komrower, 1974) we reported 
delayed skeletal maturation and significant short 
stature. All of the children were below the 25th 
centile for height, 6 were on or below the 10th 
centile, and 10 were on or below the 3rd centile. 
Skeletal age was delayed by 6 months or more in 10 
of the children, was equivalent to chronological age 
in 3 children and was advanced in 3 children. We 
explained these findings on the basis of the specific 
effect of the drugs used or, and more likely, drug 
overdosage. The established criteria for good con- 
trol in the group of children were: (i) absence of salt- 
losing, crises, (ii) minimal steroid side effects includ- 
ing steady growth along the centile line, (iii) skeletal 
age comparable with the chronological age, and (iv) 
no sign of virilisation. The biochemical criteria have 
been described in the Methods section. 

The children were in good health during the period 
of study. Although the retarded skeletal age is 
interpretable as a steroid effect, no children showed 
any other sign of steroid toxicity. There were no 
signs of excess virilisation in any of the patients and 
salt-losing crises were rare. One girl had three such 
episodes and one boy several episodes, which were 
almost certainly due to the inconsistent administra- 
tion of the drugs by his parents. 

The dose of prednisone was, when expressed as its 
equivalent of hydrocortisone, between 10 and 30 mg 
hydrocortisone/m? per day. This is well within the 
limits prescribed by Migeon (1968), Sperling et al. 
(1971), Rappaport er al. (1968), and Brook et al. 
(1974) for effective pituitary suppression of ACTH 
with minimal growth inhibition. Various authors 
(Van Metre et al., 1960; Raiti and Newns, 1971) have 
reported that prednisone has a greater growth sup- 
pressing effect than cortisone acetate or hydro- 
cortisone and this may have contributed in part of 
the growth inhibition in our children. 

The 24-hour urinary steroid metabolite figures 
were used to adjust therapy in our patients; we did 
not make any changes in treatment after a single 
abnormal result, but only when the check investiga- 
tion gave a similar answer. When the figures are 
expressed as means for the whole group it can be seen 
that we were successful in maintaining 17-oxosteroid 
leveis within our prescribed limits, while we failed to 
do so in respect of pregnanetriol. This suggests that 
had we attempted to suppress pregnanetriol excre- 
tion any further by increasing the dose of steroid we 
would probably have seen even more growth retarda- 
tion and might have seen other side effects of the 
drug. Hamilton (1972) states that it might be most 


appropriate to use the specific metabolite preg- 
nanetriol excretion to control therapy in children 
with 21-hydroxylase defect and adds that the optimal 
daily excretion figure is not known. From our data, 
levels of 1-0 mg/24h have been associated with 
undue short stature, and it is obvious that our 
criteria for therapeutic control in this disorder have 
been too strict; one could readily allow for a greater 
daily output of the metabolites to the child's advan- 
tage. Urinary steroid measurements are, however, 
invaluable in the establishment of the diagnosis, in 
the stabilisation of the condition in the early months 
of life and in the handling of the salt-losing crises. 

We suggest that after the first birthday, a good 
clinical assessment at 3- and then 6-monthly intervals, 
including measurements of length and bone age to 
determine the rate of growth, is a better way of 
regulating maintenance therapy, reserving the estima- 
tion of urinary steroid output for the occasional 
situation where the child is sick and not thriving. In 
this we are in full agreement with Hamilton when he 
states that ‘the adequacy of the administered gluco- 
corticoid is best indicated by continued linear 
growth and ossification maturation at the normal 
rate’. 


References 


Bailey, C. C., and Komrower, G. M. (1974). Growth and 
skeletal maturation in congenital adrenal hyperplasia. A 
review of 20 cases. Archives of Disease in Childhood, 49, 
4-7. 

Bergstrand, C. G. (1966). Growth in congenital adrenal 
hyperplasia. Acta Paediatricia Scandinavica, 55, 463—472. 
Brook, C. G. D., Zachmann, M., Prader, A., and Mürset, G. 
(1974). Experience with long term therapy in congenital 

adrenal hyperplasia. Journal of Pediatrics, 85, 12—19. 

Hamilton, W. (1972). Clinical Paediatric Endocrinology, pp. 
130-131. Butterworth, London. 

Laron, Z., and Pertzelan, A. (1968). The comparative effect 
of 6a-fluoroprednisolone, 6a-methylprednisolone and 
hydrocortisone on linear growth of children with congenital 
adrenal virilism and Addison's disease. Journal of Pediatrics, 
73, 114—782. 

Migeon, C. J. (1968). Updating the treatment of congenital 
adrenal hyperplasia. Journal of Pediatrics, 73, 805—806. 

Raiti, S., and Newns, G. H. (1970). The management of 
congenital adrenal hyperplasia. British Journal of Hospital 
Medicine, 4, 509—512. 

Rappaport, R., Cornu, G., and Royer, P. (1968). Statural 
growth in congenital adrenal hyperplasia treated with 
hydrocortisone. Journal of Pediatrics, 73, 760—766. 

Sperling, M. S., Kenny, F. M., Schutt-Aine, J. C., and Drash, 
A. L. (1971). Linear growth and growth hormonal respon- 
siveness in treated congenital adrenal hyperplasia. American 
Journal of Diseases of Children, 122, 408—413. 

Stempfel, R. S., Sheikholislam, B. M., Lebovitz, H. E., Allen, 
E., and Franks, R. C. (1968). Pituitary growth hormone 
suppression with low-dosage long-acting corticoid admini- 
stration. Journal of Pediatrics, 73, 767—773. 


Management of congenital adrenal hyperplasia 135 


Tanner, J. M., Whitehouse, R. H., and Takaishi, M. (1966). cortisone, prednisone and other adrenal cortical hormones. 
Standards from birth to maturity for height, weight, height Journal of Allergy, 31, 531—542. 
velocity and weight velocity: British children (1965). 
Archives of Disease in Childhood, 41, 454—471 ; 613-635. 
Van Metre, T. E., Jr., Niermann, W. A., and Rosen, L. J. Correspondence to Dr C. C. Bailey, Seacroft 


(1960). A comparison of the growth suppressive effect of Hospital, Leeds LS14 6UH. 


Archives of Disease in Childhood, 1978, 53, 136-140 


Serial determinations of oxygen profiles in infants 
with respiratory distress 
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SUMMARY Serial oxygen profiles were determined for 20 newborn infants by measuring arterial 
tensions at low (20-40%), intermediate (60-80%), and high (95-100 °%) levels of inspired oxygen. 
These points were plotted on a graph which estimated the percentage of venous admixture at any 
particular level of inspired oxygen. The infants’ oxygen profiles were then determined. As much as 
25% of venous admixture could be attributed to the presence of diffusion and distribution abnor- 
malities in infants with hyaline membrane disease. A substantial number of infants showed increased 
shunting at high levels of oxygen, even in the presence of continuous distending airway pressure. It 
is hypothesised that a rising shunt is due to complete absorption of gas in poorly ventilated alveoli 
at high concentrations of inspired oxygen, resulting in the presence of atelectasis and redistribution 


of blood to poorly ventilated areas. 


Studies of pulmonary function in neonates with 
prematurity and/or respiratory distress have con- 
sistently found significant alveolar-arterial oxygen 
gradients (Nelson et al., 1963a; Thibeault et al., 1966, 
1967, 1968; Krauss and Auld, 1969; Tori ef al., 
1973). The alveolar-arterial oxygen gradient has been 
shown to persist at high alveolar oxygen concentra- 
tions (Thibeault eż al., 1967; Tori et al., 1973) and in 
the absence of large urinary-alveolar nitrogen 
gradients (Krauss and Auld, 1969) or abnormal 
nitrogen washout curves (Tori ef al., 1973). This 
suggests that the major cause of the gradient is 
cardiopulmonary shunting rather than diffusion 
barriers or distribution abnormalities (Farhi and 
Rahn, 1955; Strang and MacLeish, 1961; Davidson 
et al., 1972; Tori et al., 1973), although there is 
evidence contrary to this conclusion (Ledbetter et al., 
1967). 

This study was designed to estimate the percentage 
of cardiac output which is shunted from right to left 
at low, intermediate, and high concentrations of 
inspired oxygen, using the graphs designed by Dru- 
ger ef al. (1973) (Fig.). When change in estimated 
right-to-left shunt is plotted against inspired oxygen, 
an oxygen profile is created. Oxygen profiles were 
studied serially to assess the shunting characteristics 
of the neonatal lung. The oxygen profiles were also 
used to compare the shunting characteristics in the 
lungs of infants treated with positive airway pres- 
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sures in contrast with infants allowed to breath 
spontaneously. 


Methods and materials 


Twenty neonates ranging in weight from 940 g to 
4500 g were studied, with the informed consent of 
their parents. All were patients in the Neonatal 
Intensive Care Unit at New York Hospital and all 
were being treated for respiratory distress, diagnosed 
on the basis of tachypnoea, retractions, and a need 
for oxygen beyond 4 hours of birth. Hyaline mem- 
brane disease was diagnosed on the basis of respi- 
ratory distress associated with ground-glass ap- 
pearance of the lungs in association with air broncho- 
grams on chest x-ray. Meconium aspiration was 
diagnosed when respiratory distress occurred in 
association with an over-inflated chest and meconium 
staining of the skin, and a chest x-ray characterised 
by bilateral coarse infiltrates. Transient tachypnoea 
of the newborn was diagnosed when respiratory 
distress was associated with rapid breathing, large 
chest diameter, and lack of meconium staining in an 
infant without the radiological finding of hyaline 
membrane disease or meconium aspiration. 

The levels of inspired oxygen were determined with 
an International Biophysics Corporation Model 300 
oxygen analyser which was calibrated daily with air 
and 10075 oxygen. Continuous positive airways 
pressure (CPAP) was given by a bag and mask held 
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other ‘negative’ (see text). 


securely over the infants mouth and nose, and 
positive end expiratory pressure (PEEP) was 
administered by a Bourns respirator. Both of these 
pressures were held within the range of 3 to 6 cm 
H.O. Several spontaneously breathing infants 
received oxygen from a mask held close to the face; 
however, Olympic Oxyhoods were used in the 
majority of cases to eliminate any error due to 
breathing around the mask. Any space existing 
between the arch of the neck space in the hood and 
the infant’s neck was blocked as completely as 
possible. In addition, oxygen readings in the hood 
were taken at the patient’s nose. 

For this test, gas with inspired oxygen of 21-40%, 
60-80%, and 95-100% was given to each patient. 
20 minutes of breathing were allowed for equilibra- 
tion and nitrogen washout before the arterial blood 
sample was drawn for analysis. Arterial samples were 
drawn either from an umbilical artery catheter, the 
temporal artery, or the right radial artery. The pH, 
carbon dioxide tension, and oxygen tension of the 
sample were then immediately measured with an 
Instrumentation Laboratory 513 blood gas analyser 
calibrated with gas and blood. It was impossible to 
always draw samples at the same site from day to 
day. On any one day the samples were all drawn from 
the same site so that a change in arterial oxygen 
saturation due to a patent ductus arteriosus within 
one day's profile was taken into account. It has been 
shown that a patent ductus arteriosus may account 
for roughly one-tenth of the total cardiopulmonary 
shunt seen in respiratory distress syndrome (Mur- 
dock er al., 1970), although it has recently been 
suggested that the standard shunt equation may 
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underestimate large ductal shunts (Gersony ef al., 
1972). 

The alveolar oxygen tension was calculated with 
the standard alveolar air equation (Otis, 1964), 
assuming that alveolar carbon dioxide was equal to 
arterial carbon dioxide and a respiratory exchange 
ratio of 0.8. The dry barometer of the day was used 
in all calculations. The values calculated for alveolar 
and arterial oxygen tensions were plotted on a graph 
devised by Druger ef al. (1973) as modified for fetal 
haemoglobin. This graph allows for estimation by 
interpolation of the per cent shunt. The change in 
shunt on one day was then calculated by subtracting 
the per cent shunt at the highest alveolar oxygen 
from the per cent shunt at the lowest alveolar oxygen. 
Haemoglobin was maintained between 12 and 14 g/dl 
by transfusion in these patients. Small variations 
within this range would not greatly affect the 
estimated shunts (Gersony et al., 1972). Similarly, 
small variations in arteriovenous difference for 
oxygen content would have small effects on the 
estimated shunt (Gersony ef al., 1972). 


Results 


The data, including the change in estimated per cent 
shunt (oxygen profile) are presented in the Table. The 
graph used to estimate the percentage of shunting is 
shown in the Fig. with examples of a negative oxygen 
profile (falling line, increasing shunt as inspired 
oxygen increases) and a positive profile (rising line, 
decreasing shunt as inspired oxygen rises). No 
statistically significant differences were found in the 
percentage change in shunts (oxygen profiles) when 
spontaneously breathing infants with hyaline mem- 
brane disease were compared with infants receiving 
distending airway pressure. Spontaneously breathing 
infants with hyaline membrane disease had a mean 
increase in shunt of 5%, with a standard deviation of 
16%. This compared with a mean decrease in shunt 
of 3°% with a standard deviation of 16% in the group 
receiving continuous distending airway pressures. 
Wide variations of changes in percentage of shunts 
were observed with increasing inspired oxygen in 
both groups of infants, in some cases as great as 30% 
in either direction. 

Patients showing an increasing shunt (negative 
profile) have higher initial arterial oxygen tensions 
than patients with falling shunts (positive profile). 
Those with positive profiles had a mean initial 
arterial oxygen tension of 45 -- mmHg compared to 
a mean of 67--28 mmHg in the negative profile 
group. This difference was significant (t = 2:9649, 
P<0.01). A linear relationship between initial PO, 
and oxygen profile was found. This relationship, 
PO, = (—0:96) (oxygen profile)--58, was highly 
significant (r — —0-50, t — 3:744, P — 0-001). 
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Table Clinical data on infants 


— UU. 


Initia! arterial 


Final arterial Initial % shunt Final % shunt Change in estimated % 


Case no. Birthweight (g) Study age (d) Oo (mmHg) Og (mmHg) (estimate) (estimate) shunt (oxygen profile) 
Group I. Hyaline membrane disease with positive end-expiratory pressure (PEEP) of +5 cm of water 
1 1400 0 75 311 25 21 +4 
1 63 195 25 29 —4 
2 2200 0 47 323 15 22 —7 
1 40 313 25 23 +2 
3 2300 0 27 281 50 24 +26 
1 67 281 20 24 —4 
4 1900 0 67 272 22 25 —3 
4 55 152 28 34 —6 
5 1920 0 16 156 20 30 —10 
4 136 265 5 25 —20 
6 1021 3 65 245 10 27 —17 
4 48 120 30 36 —6 
7 940 1 76 315 9 23 — 14 
2 39 245 50 27 +23 
8 2400 1 36 200 50 15 +35 
9 1840 l 37 318 50 22 +28 
2 32 270 50 25 +25 
3 62 316 15 22 —7 
Mean 1769 55 254 28 25 +3 
SD 535 27 64 16 5 16 
Group II. Hyaline membrane disease breathing spontaneously 
2 2200 8 73 396 5 19 — 14 
5 1900 4 179 396 5 15 — 10 
8 2400 2 20 59 30 40 —10 
10 2300 2 52 354 10 12 —2 
11 2240 0 75 310 5 22 —17 
7 60 291 5 24 —19 
12 1470 2 59 337 8 13 —§ 
4 89 330 4 20 —16 
13 3345 4 34 140 50 27 +23 
7 69 326 6 22 —16 
15 76 325 4 22 —18 
14 2110 1 39 186 50 32 +18 
8 68 222 11 29 —18 
15 1620 0 66 324 10 17 —7 
Mean 2178 69 285 15 22 —8 
SD 537 37 98 16 8 13 
Group III. Transient tachypnoea of the newborn (spontaneous breathing) 
16 3402 2 72 107 21 28 —7 
3 56 113 15 14 —7 
9 68 239 10 23 — 13 
17 3969 I 47 284 22 25 —3 
2 83 223 5 30 —25 
Mean 3686 65 193 15 24 -9 
SD 401 14 79 7 6 19 
Group IV. Meconium aspiration (spontaneous breathing) 
18 4500 2 52 316 10 12 —2 
3 55 415 15 19 -4 
19 3600 1 67 213 30 21 +9 
2 58 233 20 24 —4 
20 4100 2 60 82 28 38 —10 
3 73 123 22 33 —11 
Mean 4067 61 230 21 25 —4 
SD 451 8 122 10 7 


8 
sss? 


Note: Oxygen profile is calculated as the difference in estimated per cent of shunt between lowest and highest inspired oxygen concentrations. 
The profile is positive when the shunt decreases and negative when the shunt increases. See Fig. for examples. 


Discussion 


There are three causes for venous admixture. They 
are distribution (i.e. VA/Q) abnormalities, diffusion 
abnormalities, and true right-to-left shunting (West, 


1970; Davidson et al., 1972; Druger et al., 1973). The 
contribution to the shunt-like effect of the first two 
factors is overcome by breathing a high concentra- 
tion of inspired oxygen (West, 1970; Druger et al., 
1973). Thus, the presence of positive oxygen profiles 
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in infants with hyaline membrane disease indicates 
the existence of either distribution or diffusion 
abnormalities which may account for as much as 
25% of the observed venous admixture at lower 
concentrations of inspired oxygen. These factors 
have previously been thought to play a less sub- 
stantial role in hyaline membrane disease (Krauss 
and Auld, 1969; Tori et al., 1973; Corbet et al., 1974; 
Krauss et al., 1976). 

Negative profiles should be found only if the 
amount of true cardiopulmonary shunting is 
increased at high levels of inspired oxygen. This 
increase in shunting at high concentrations of oxygen 
may be caused by the complete absorption of gases 
in poorly ventilated alveoli which results in atelectasis 
and an increased pulmonary shunt component. There 
is extensive evidence to support the concept of 
absorption atelectasis. In 1955, Dale and Rahn noted 
the possibility for the rapid formation of new areas of 
atelectasis in alveoli containing a high concentration 
of oxygen. Nelson et al. (1963b) proved that breath- 
ing 100% oxygen caused a decrease in the thoracic 
gas volume calculated in infants breathing 21% 
oxygen. Thibeault ef al. (1967) showed that in 12 of 
18 infants studied prolonged oxygen breathing 
caused an increase over time in the observed 
alveolar-arterial oxygen difference. 

The existence of negative profiles would imply that 
a lung space which is prone to absorption atelectasis 
exists from day 0 to day 9. This space may be related 
to such poorly ventilated lung spaces as areas of 
trapped pulmonary gas which disappear over time 
(Nelson et al, 1963b), or the area distal to an 
occlusion by meconium aspiration. The highly 
compliant airways in the lungs of preterm neonates 
(Burnard ef al., 1965) may also contribute to the 
susceptibility of their lungs to resorption atelectasis 
through a mechanism of airway closure. 

Oxygen has two other effects in the newborn infant. 
First, increased oxygen tensions have been shown to 
cause the closure of the ductus arteriosus (Kovalvík, 
1963; Assali et al., 1963) in isolated in vitro animal 
preparations (Kovalvík, 1963; Assali et al., 1963), in 
vivo animal studies (Assali et al., 1963), and man 
(Moss et al., 1964). This is not a salient factor in the 
results of this study because closure of the ductus 
would decrease cardiopulmonary shunting at high 
oxygen levels, which would result in a positive oxygen 
profile. 

Second, changes in the level of inspired oxygen 
have been shown to alter the vascular tone in normal 
man (Motley et al., 1947), adults with acute respi- 
ratory failure (Enson et al., 1964; Suter et al., 1975), 
and in the lamb fetus (Dawes, 1966). Reduced oxy- 
gen levels induce vasoconstriction and increased 
oxygen levels induce vasodilation by a direct 


mechanism (Dawes, 1966; Suter ef al., 1975). The 
recent studies of Suter et al. suggest that high levels 
of inspired oxygen may result in redistribution of 
blood to poorly ventilated areas of the lung in addi- 
tion to causing atelectasis (Suter ef al., 1975). 

These findings have important implications for 
present day diagnostic procedures used to evaluate 
infants with respiratory distress because many of 
these procedures include the determination of arterial 
oxygen tension at high concentrations of inspired 
oxygen (Strang and Macleish, 1961; Boston ef al., 
1966; Stahlman et al., 1967; Roberton et al., 1968; 
Duc, 1971). In 1966, Boston et al. created a system of 
prognostic classification for infants with respiratory 
distress syndrome which was based solely on the 
blood pH and the initial arterial oxygen tension 
determined with the infant breathing 100% oxygen. 
A low risk group (arterial oxygen tension 100 
mmHg, pH - 7:20), and a high risk group (arterial 
oxygen tension «100 mmHg, pH x7:20) were 
defined. 

In 1967, Stahlman eż al. refined this system of 
classification. They included the parameters of 
arterial oxygen tension while breathing 100% 
oxygen, blood pH, birthweight, respiratory rate, and 
serum potassium in determining a discriminant score 
for the infant. The discriminant score places the 
infant in a class interval scheme, which in turn 
provides information for the prognosis. The most 
powerful factor in determining the discriminant 
score is the arterial oxygen tension measured while 
the patient inspired 100% oxygen. The finding of an 
increased shunt at high levels of inspired oxygen adds 
important qualifications to these classification 
schemes. Arterial gas tensions measured while 
breathing high levels of inspired oxygen may cause an 
overestimation of the severity of the disease which 
may then lead to overly aggressive treatment and an 
unfairly pessimistic prognosis. 

Of further interest is the observation that absorp- 
tion atelectasis may take place even in the presence of 
continuous distending airway pressures. The presence 
of a group of infants with decreasing shunt at high 
levels of inspired oxygen indicates that at least some 
infants with hyaline membrane disease may have 
significant defects in distribution, diffusion, and 
diffusion/perfusion ratios similar to those shown to 
be present in adults with severe pulmonary disease 
(King et al., 1974; Briscoe and King, 1974). 
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in -thalassaemia major 
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SUMMARY The presence of circulating soluble immune complexes and the level of complement were 
investigated in sera from 21 patients with &-thalassaemia major, including both splenectomised and 
nonsplenectomised patients. A high level of immune complexes was found in half of these cases. 
Reduced complement levels were seen less frequently. There was no correlation between the presence 
of circulating immune complexes, decreased complement levels, and the presence or absence of the 
spleen. The level of immune complexes increased with the age of the individual, i.e. with the duration 


of the disease. 


Many patients with f-thalassaemia major develop 
glomerulonephritis, pericarditis, or arthritis (Wasi, 
1971), and nearly all develop chronic liver disease 
(Masera et al., 1976). In this last condition, 
circulating immune complexes are often present and 
they are thought to play a significant part in the 
genesis of these immunopathological disorders. 
Until now there has been no investigation of immune 
complexes in f-thalassaemia major, or of their 
possible association with the secondary diseases 
developing in thalassaemic patients. We have 
therefore studied a group of patients with 8-thalass- 
aemia major to find whether circulating immune 
complexes occur and, if so, whether any relation can 
be shown between the presence of complexes and 
other features of the disease. 


Materials and methods 


Patients. Sera from 21 patients with -thalassaemia 
major were studied. There were 13 males and 8 
females, aged from 31 to 81 years. 10 had had 
splenectomy. All patients were treated by periodic 
blood transfusion. Blood samples for testing were 
taken immediately before transfusion. Sera from 10 
healthy children of the same age range were used as 
controls. The blood was allowed to clot for 2 hours 
at room temperature and then centrifuged at 4°C. 
The collected serum was stored at —70°C until used. 


Detection of circulating immune complexes. These 
were detected in native serum using radiolabelled 
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Clq as described by Zubler er al. (1976). The 
'25]-Clq binding test is based on the following 
principle. In a first step, the tested native serum is 
incubated for 30 minutes at 37°C with EDTA in 
order to prevent the integration of the !25I-Clq into 
intrinsic macromolecular Clqrs complex. In a 
second step, ! *»]-Clq and 3% polyethylene glycol are 
added to this mixture, which is further incubated at 
4°C for 1 hour. Under these conditions, free Clq 
remains soluble while Clq bound to the complexes 
is precipitated. After centrifugation and discarding 
of the supernatant the radioactivity of the precipitate 
is counted. Results are expressed as per cent 125I- 
Clq precipitated in a ‘TCA control tube’, in which 
all protein is precipitated by addition of 20% 
trichloroacetic acid. Heat-aggregated gamma glo- 
bulins serially diluted in fresh normal human serum 
(NHS) are used as positive control. For our purposes, 
Clq was purified from fresh NHS according to 
Volanakis and Stroud (1972). 2 mg Clq were obtained 
from 40 ml of serum. Purity of separated material 
was assessed by immunoelectrophoresis (1 % agarose) 
with rabbit antihuman Clg and rabbit antiwhole 
human serum antisera (Behringwerke, Marburg- 
Lahn). Clq was labelled with !'?5iodine (Radio- 
chemical Centre, Amersham) by use of the lacto- 
peroxidase (LP-B grade, Calbiochem, San Diego) 
method (Heusser et al., 1973). The !?5]-Clq with a 
specific activity of 1 uCi/ug was stored at —70°C 
until used. 


Complement studies. Total haemolytic activity 
(CH50) was titrated according to Lachmann et al. 
(1973). Concentrations of complement factors Clq, 
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C4, and C3 were estimated by single radial immuno- 
diffusion in 1% agarose. The specific antisera were 
purchased from Behringwerke (Marburg-Lahn). All 
results were expressed as percentage of values 
obtained with a pool of 20 NHS stored in liquid 
nitrogen. 


Statistical analysis. Fisher’s exact method, Student’s 
t test, and linear regression analysis by the method of 
the least squares were used. 


Results 


The results are summarised in the Table, which also 
shows the age, sex, and the presence or absence of 
the spleen in 21 patients with 8-thalassaemia major. 
Using the !25I-Clq binding activity test, immune 
complexes were detected in 12 patients, 7 of whom 
had had splenectomy. The !?5]-Clq binding mean 
value of the patients was significantly higher than for 
the control group (t = 3-23, P — 0-01). There was no 
significant difference between the splenectomised and 
nonsplenectomised groups (t = 0:09, P>0-4). 

The level of circulating immune complexes 
correlated positively with the age of the individual 
(r = 0-46, P —0-05). The presence of complexes did 
not correlate with whether or not the patient had 
been splenectomised (3? = 0-48, P — 0-25). The mean 
age of splenectomised patients was higher (t — 3:04, 
P—0-01) than that of the nonsplenectomised ones. 

The complement values of the thalassaemic 
patients were within the normal range, except for the 
values of CH50 and C3, which were, respectively, 
slightly reduced and slightly increased. By linear 
regression analysis no correlation was found between 
the complement levels and the values of the !?5]-Clq 
binding activity. 


Discussion 


Our results indicate that circulating immune 
complexes occur in f-thalassaemia major and that 
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the level increases progressively with the age of the 
individual. The level of circulating immune complexes 
did not correlate with whether or not the patient had 
been splenectomised, despite the fact that the mean 
age of the splenectomised patients was significantly 
higher than in the nonsplenectomised group. The 
presence of a considerable amount of immune 
complexes appears to be a common feature occurring 
during evolution of Cooley's anaemia. Interference 
with spleen function may be related to other factors 
including extramedullary haematopoiesis, abnormal 
red cell destruction, and iron overload (Pearson and 
O’Brien, 1975). Immune complexes may also play an 
important collateral role in the splenic disorder. 

Nearly all 8-thalassaemic patients develop chronic 
liver disease (Masera et al., 1976). In this hepatic 
impairment, circulating immune complexes involving 
HBs antigen have been demonstrated (Theofilo- 
poulos et al., 1976); in our cases HBs antigen could 
have been acquired as a result of repeated blood 
transfusion. However, other types of immune 
complexes could account for the high degree of 
129]-Clq binding activity found in f-thalassaemia 
major: anti-isoantigen antibodies, secondary to the 
blood transfusion therapy, have been demonstrated 
(Pearson and O'Brien, 1975) and isoantigen anti- 
isoantigen complexes could be a normal feature in 
such cases. Immune complexes occurring in £- 
thalassaemia major require a characterisation to 
determine the nature of the antigen(s) involved. 

If circulating soluble immune complexes are 
formed in Cooley's anaemia, they may play a role in 
the evolution of the disease. There is an increased 
incidence of infections during the disease which are 
often severe and lethal (Weatherall and Clegg, 1972), 
although evidence of deficiency of circulating 
antibodies specific for the micro-organisms most 
frequently involved has not been shown. The pre- 
sence of immune complexes may alter the immuno- 
logical competence of the patients, either by a direct 


Table !?*[.C/q binding activity and complement level in patients with B-thalassaemia major and controls 








Sex Immune complexes Complementt (mean + S D) 
M F Age (yr) 125]. C Iq BA* 96 CH50 Clq C4 C3 
(mean 3- S D) (mean + S D) positive 
Controls (n — 10) 6 4 6:9 -1:2 4:64 1:0 0 100 4-15 100 +20 100 +25 100 +20 
(3-thalassaemia 
nonsplenectomised (n—11) 7 4 6:14 1:8 22:2+28-6¢ 45 73+23-8} 87.4--31:.6 86-7428 103 4-27: 8 
G-thalassaemia H 
splenectomised (n= 10) 6 4 7T:94-0:8 23.2--23-.51 70 89.5-17:4 107 4-37: 8 90-34-14 115+28-9 
(3-thalassaemia 
total (n—21) 13 8 7-0+1-7 22.72-25.61 57 81-0+22-1f 96:7435:2 87:9422-1 129424-4§ 


a M M M — ne 


*% of *?5]-Clq precipitated. 
+% of a pool of normal human serum. 


The differences between the groups were analysed by Student's't test (for populations with unequal variances): 1P —0-05, §P<0-01. Except for 
age, where there was a significant difference between the two thalassaemic subgroups, for the other parameters the discrimination is in relation 
o the control group. 
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blocking of the reticuloendothelial system (Mannik 
et al., 1974) or by consumption of complement. 
Immune-adherence is promoted by C3, and CSa is a 
potent phagocytic cell stimulator (Goldstein and 
Weissman, 1974). Complement impairment may 
therefore involve a concomitant reduction of 
phagocytic efficiency. Our results may be consistent 
with the hypothesis of a direct blocking of the 
reticuloendothelial system and did not indicate a 
severe impairment of complement functions, 
although there was some decrease in CH50 activity. 
Preliminary investigations (Auderset ef al., 1976) 
suggest that a functional deficiency of properdin 
factor B of the alternative pathway of complement 
activation occurs in £-thalassaemia major. Thus there 
may be two independent factors which contribute 
towards the diminution of immunological compe- 
tence in thalassaemic patients. 


We thank Dr L. Mackey for help with the manu- 
script. This work was partly supported by 
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of an Assegno Biennale di Formazione Scientifica e 
Didattica from University of Milan. 
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Defective neutrophil chemotaxis and raised serum IgE 
levels in a child with recurrent bacterial infections 
and eczema 


Influence of levamisole 
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From the Clinical Research Unit St. Bartholomeus, Antwerp; Department of Paediatrics, A. Dumont Hospital, 
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SUMMARY A 53-year-old girl, with a life-long history of recurrent staphylococcal infections and 
eczematous dermatitis had a defect in polymorphonuclear leucocyte chemotaxis and phagocytosis in 
autologous serum, a high serum IgE level, and a disturbed T cell function. Levamisole improved all 
the immunological abnormalities and there was a dramatic clinical improvement. Discontinuation of 


therapy with levamisole resulted in gradual deterioration. 


We report a child with eczema, recurrent superficial 
and deep bacterial infections, and raised IgE levels, a 
syndrome which has already been described (Clark 
et al., 1973; Hill and Quie, 1974; Hill et al., 1974; 
Van Scoy et al., 1975). Treatment with levamisole 
(Symoens and Rosenthal, 1977) led to clinical and 
immunological improvement. 


Case report 


A girl, now 71 years old, was born after a normal 
pregnancy and delivery. Soon after birth she started 
to suffer continually from severe bronchial, antral 
and middle ear infections, and eczematous dermatitis. 
Cultures from sputum, ear secretions, and skin 
lesions invariably showed the presence of Staphylo- 
coccus aureus. At the age of 2 she developed broncho- 
pneumonia, resulting in a lung abscess. Regression 
was obtained after 2 months of antibiotic therapy, 
but a residual pneumatocoele required surgical 
intervention. At the age of 4 she was again hospi- 
talised for right pyopneumothorax. Cultures of 
pleural effusion yielded Sraph. aureus and chest 
x-ray showed multiple radiolucencies. Again the 
symptoms improved with prolonged antibiotic 
therapy. 

In the same year surgical intervention was needed 
for a cutaneous block of the antrum. At the age of 5 
she was admitted to the University Hospital St 
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Raphael in Louvain. Humoral and cellular immunity 
tests at that time gave normal values for the immuno- 
globulins IgA, IgG, and IgM, complement com- 
ponents C3 and C4, the epinephrine- and typhoid- 
stimulation test, the phytohaemaglutinin (PHA) 
lymphoblast transformation test, polymorphonuclear 
leucocyte (PMN) random migration test, nitroblue- 
tetrazolium test, and the myeloperoxidase test. The 
abnormalities found were peripheral and bone 
marrow eosinophilia, high serum IgE levels, and a 
subnormal lymphoblast response to candidin. At the 
age of 53 she was referred to the Clinical Research 
Unit St Bartholomeus, Antwerp, for evaluation of 
humoral and cellular immunity, where levamisole 
therapy was started and the effects of treatment were 
followed. 


Material and methods 


Chemotaxis assay. | ml of a 6% dextran solution was 
added to 10 ml heparinised blood and allowed to 
sediment for about 1 hour. The leucocyte-rich 
plasma was removed and the leucocyte pellet was 
washed twice in Hanks's balanced salt solution 
(HBSS). Cell concentration was adjusted to 1 x 109 
PMN/ml HBSS. The cells were introduced into the 
upper compartment of a boyden chamber (Neuro 
Probe, Bethesda, Maryland) separated by a 5 um 
millipore filter (Millipore Corp., Brussels) from the 
chemotactic substances in the lower compartment. 
After incubation at 37°C for 3 hours in humidified 
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air, the filters were stained by the haematoxylin 
method. The PMNs which migrated to the lower 
surface of the filter were counted in 10 random high 
power fields (hpf). The chemotactic activity was 
expressed as the average number of PMN/hpf of 
triplicate determinations. Chemotactic factors were 
prepared by incubating normal pooled sera with 
100 ug/ml lipopolysaccharide (LPS, E. coli 026: B6, 
Difco Laboratories, Detroit, Michigan) at 37°C for 
30 minutes. LPS activated sera were heat-inactivated, 
stored at —35°C, and diluted 4 times in HBSS before 
use. 


Phagocytosis. /n vitro phagocytosis of Candida 
albicans by PMN in autologous and AB serum was 
assessed as previously described (Verhaegen et al., 
1976a). 


E-rosette test. The E-rosette formation of T- 
lymphocytes was determined as previously described 
(Verhaegen et al., 1977). 


Lymphoblast transformation test. A mini-culture 
technique developed by Eysvoogel et al. (1971) was 
followed. Mitogens were PHA (PHA-M, Difco 
Laboratories, Detroit) and candidin (Hollister-Stier, 
Atlanta, Georgia). Results were expressed as the 
relative mitotic index (RMI), being the ratio between 
the MI of the patient and the MI of a normal 
subject. 


Delayed hypersensitivity skin tests. Delayed hyper- 
sensitivity skin tests were done by intradermal injec- 
tion of 0-1 ml of antigen into the patient's volar 
forearm. Results were scored as mm of erythema and 
induration present at 48 hours. Antigens were C. 
albicans extract, 1:100, 1:1000, and 1:10 000 dilu- 
tions (Hollister-Stier, Atlanta, Georgia), 5 U PPD 
(Statens Seruminstitut, Copenhagen, Denmark), and 
mumps (Eli Lilly, Indianapolis). The DNCB skin test 
was done by applying a 2 mg sensitising dose 
followed 2 weeks later with a 100 y, 50 y, and 25 y 
challenge. 


Complement factors and immunoglobulins. The serum 
haemolytic complement activity (CH50) was deter- 
mined by a modified method of Mayer (1961), and 
the serum complement components C3, C4, and Clq 
and immunoglobulins IgG, IgM, and IgA by the 
radial immunodiffusion technique of Mancini ef al. 
(1965) as previously described (Verhaegen et al., 
1976b). IgE concentrations were measured by a 
radioimmunoabsorbent technique using a Phadebas 
IgE test kit. Normal values ranged between 28 and 
700 IU/ml. 
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Results 


Clinical data. After one month of levamisole treat- 
ment, 2:5 mg/kg daily for 3 consecutive days each 
week, the patient was hospitalised for staphylococcal 
pneumonia which progressed to multiple lung ab- 
scesses despite antibiotic therapy. 3 months later the 
clinical picture remained the same. The treatment 
schedule was then changed to 2:5 mg/kg levamisole 
every other day, but the antibiotic therapy remained 
unchanged. 2 weeks later a dramatic relief of 
symptoms occurred and the patient was discharged 
within one month. 

From that time until the discontinuation of 
levamisole, 14 months later, she needed only one 
course of oral antibiotics during a 10-day period 
because of bronchopneumonia, which subsided 
without complications. Otitis never recurred and 
the superinfection of the skin lesions improved, 
though a residual eczema persisted. 

After discontinuation of levamisole treatment the 
girl remained in good health for 3 months, thereafter 
eczema became worse and was complicated with 
superficial infections. She developed ophthalmitis 
which was controlled by antibiotics, and after 5 
months had to be hospitalised again for broncho- 
pneumonia complicated with pneumatocoele. Leva- 
misole therapy was restarted together with antibiotics 
and the symptoms subsided after 2 weeks of treat- 
ment. 


Immunological data. The patient was not receiving 
antibiotics or suffering from manifest infections 
when tested. Immunological data before, during, and 
after discontinuation of levamisole treatment are 
shown in Tables 1 and 2 and the Fig. Abnormal 
immunological functions were negative delayed 
hypersensitivity reactions to mumps and DNCB 
challenges, high serum IgE, depressed lymphoblast 
transformation to candidin, low E-rosette forming 
cells, depressed PMN chemotaxis, and deficient 
phagocytosis in autologous serum. This serum- 
dependent impairment of phagocytosis could be 
confirmed by adding the patient's serum to PMNs of 
healthy subjects (Fig.). 

During levamisole therapy the immunological 
functions returned to normal or improved (Fig.). 
After 5 months of no levamisole treatment, the IgE 
levels, PMN chemotaxis, and PMN phagocytosis in 
autologous serum reached pretreatment values. 


Discussion 
Various clinical variants of our patient's disorder 


have been described (Buckley et al., 1972 ; Clark et al., 
1973; Hill and Quie, 1974; Van Scoy et al., 1975) but 


146 De Cree, Emmery, Timmermans, Eeckels, De Cock, and Verhaegen 


Table 1 Delayed hypersensitivity skin reactions of the patient to different antigens before and during levamisole therapy 


—— UU 








Candida* DNCBT1 

PPD (5 U)* Mumps* 1/100 1/1000 1/10 000 

E I E I E I E I E I 100% 50y 25y 
———— eee 
Pre-values 0 0 0 0 20 14-5 10 10 2 2 0 0 0 

€ m 0 0 22 12 23 20-5 10 10 2 2 + 0 0 

14m 0 0 20 12 22 20 11 10-5 2 2 + + 0 0 
17 m 0 0 20 13 23 21 11 10 2 2 ++ + E 


*Diameter in mm. 10 = no reaction; + = erythema; + + = induration. E = erythema; I = induration, 


all have in common severe deep and superficial 
staphylococcal infections, eczematous dermatitis, 
high serum IgE, and defective PMN chemotaxis. The 
patients of Buckley e: al. (1972), Clark et al. (1973), 
and Van Scoy et al. (1975) also suffered from 
mucocutaneous candidiasis, and represent a mild 
degree of T cell dysfunction. Apart from the muco- 
cutaneous candidiasis, our patient resembles the 
patients reported, but she also had a unique serum- 
dependent phagocytosis defect. 

Encouraging results of levamisole treatment have 
been reported in patients with recurrent infection 
(De Cree et al., 1974; Vanheule et al., 1976; Verhae- 
gen et al., 1976a; Van Eygen et al., 1976), and 
levamisole improved the clinical symptoms of our 
patient. Furthermore, levamisole normalised or 
improved her defective phagocyte and T cell func- 
tions, which confirms the reported effects of 
levamisole on phagocyte functions (Verhaegen ef 
al., 1973; Hoebeke and Franchi, 1973; Schmidt 
and Douglas, 1976; Anderson et al., 1976) and T 
cell functions (Biniaminov and Ramot, 1975; Hadden 


Phagocytosis 

E-rosettes Chemotaxis 
"lh  PMN/HPF 
100-209 , 





4— — — Levamisole therapy 


Pre value 6 14 17 





et al., 1975; Lieberman and Hsu, 1976; Whitcomb 
et al., 1976; Verhaegen et al., 1977). 

The physiopathological mechanism which under- 
lies the phagocyte and T cell dysfunctions of these 
rare disease entities and the interaction of levamisole 
are still in doubt. Hill and Quie (1974) showed that 
PMN chemotaxis could be inhibited im vitro by 
histamine, which is known to increase the intra- 
cellular concentration of cyclic AMP, suggesting that 
the IgE-mediated histamine release in their patients 
could represent an aetiology for the defective 
chemotaxis (Hill and Quie, 1974). Of further 
relevance is the fact that substances which increase 
intracellular cAMP levels depress both phagocytic 
and T cell functions (Bourne e: al., 1974). Levamisole 
has been reported to interact with the cyclic nucleo- 
tide metabolism: the drug decreased cAMP levels and 
increased. cGMP levels in mouse lymphocytes 
(Hadden eż al., 1975), maintained higher cGMP 
levels in human chemotactic PMN (Anderson et al., 
1976), and restored histamine inhibited E-rosette 
forming cells in patients with allergies (De Cock et al., 


Blasttrans - 


formation d Fig. Effect of levamisole 
RMI 4000 therapy on disturbed immuno- 
logical functions. 
Sg O = phagocytosis of the 
: patient's PMN in autologous 
3000 serum; @ = phagocytosis of 
normal PMN in the patient’s 
1.0 serum; X = PMN 
2000 chemotaxis; A = lymphoblast 
transformation with candida; 
A = E-rosettes; (1 = serum 
0.5 IgE. 
1000 
\ 
LU 
X 0-0 


19 20 2122 23 months 
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1977). This may suggest that the phagocyte and T cell 
dysfunctions of this disease entity may be due to a 
pathological number of receptors for histamine or 
substances which increase intracellular cAMP on 
phagocytes and T cells. The beneficial effects of 
levamisole on the clinical symptoms and the abnor- 
mal immunological functions in our patient fit this 
hypothesis. 

The differences in symptomatology between our 
patient and those of Hill and Quie (1974), Buckley 
et al. (1972), Clark et al. (1973), and Van Scoy et al. 
(1975) may be due to a different distribution of these 
receptors for histamine or similar substances on T 
cells and phagocytes. The number of receptors on 
phagocytes is probably the same but those on 
T cells may differ. All patients have high serum IgE, 
suggesting that suppressor T cells for IgE-production 
are involved (Okumura and Tada, 1971; Tada et al., 
1971). In our case and those of Hill and Quie (1974) 
some other T cells may be involved but in the patients 
of Buckley et al. (1972), Clark et al. (1973), and Van 
Scoy et al. (1975) T cells were probably greatly 
involved, accounting for the mucocutaneous candi- 
diasis. 


We are indebted to Dr M Peetermans from the Red 
Cross Blood Transfusion Service in Antwerp for 
assessing the lymphoblast transformation tests; to 
G. Bijnens, V. Roels, L. Van der Veken, and O. 
Vogels for technical assistance; to F. Verbruggen for 
co-ordination; and to H. Vanhove for reviewing the 
manuscript. 
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Cows' milk protein-sensitive enteropathy 


An important factor in prolonging diarrhoea of acute infective enteritis in 
early infancy 


N. IYNGKARAN, M. J. ROBINSON, E. SUMITHRAN, S. K. LAM, S. D. PUTHUCHEARY, AND 
M. YADAV 


From the Departments of Paediatrics, Pathology, Bacteriology, and Genetics and Cellular Biology, University 
of Malaya, Kuala Lumpur 


SUMMARY The possible role of cows’ milk protein in prolonging diarrhoea in very young infants 
with acute infective enteritis was studied in 14 infants, 9 under the age of 2 months and 5 older than 
6 months. Bacterial pathogens were isolated from the stools of 4 infants from the younger age group. 
After appropriate initial treatment the infants were maintained on a cows’ milk protein-free formula. 
6 weeks later jejunal biopsies were performed before and 24 hours after challenge with a low lactose 
cows' milk protein formula. The immunoglobulin and complement levels in the serum and duodenal 
juice were also estimated at these times. Attempts to isolate bacterial and viral pathogens in stools 
were again made in all patients. The 5 older infants clinically tolerated cows’ milk protein and their 
pre- and postchallenge jejunal biopsies were within normal limits. However, significant histological 
changes were observed in the postchallenge jejunal biopsies of all 9 infants under 2 months of age. 
In addition, 5 of these infants developed diarrhoea. This suggests that the jejunal mucosa of very 
young infants previously fed a cows’ milk protein-based formula and who contract infective enteritis 


suffers damage when rechallenged with cows’ milk protein. 


There is general agreement that diarrhoea occurring 
in the first weeks of life is frequently prolonged and 
more hazardous than at any other period. The 
important factors responsible for this include the 
nature of the infection and the response of the young 
infant to infection, the frequency of sugar intolerance 
in young infants with infective enteritis (Burke et al., 
1965; Lifshitz et al., 1971), dehydration and electro- 
lyte imbalance which occur more rapidly in the 
smaller infant and which require great precision in 
the insertion, maintenance, and monitoring of 
intravenous infusions, and the prior nutritional status 
of the infant (Lifshitz ez al., 1971). 

We believe that feeding with a cows' milk protein- 
based formula before the onset of acute infective 
enteritis is an additional factor in prolonging 
diarrhoea. Harrison et al. (1976) studied 25 children 
with cows’ milk protein intolerance and have 
suggested that an acute attack of gastroenteritis, in 
damaging the small intestinal mucosa, may act as a 
triggering mechanism in cows' milk protein in- 
tolerance. Cows’ milk protein-sensitive enteropathy 
has been suspected in the pathogenesis of intractable 
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diarrhoea but objective proof has been lacking 
because satisfactory criteria for the diagnosis of 
cows’ milk protein-sensitive enteropathy have not 
been available (Hyman et al., 1971; Shwachman et 
al., 1973). Recently Iyngkaran et al. (1978) proposed 
combined clinical and histological criteria for the 
diagnosis. We have applied these criteria in testing 
the following hypothesis put forward to explain the 
mechanisms involved—a small infant who contracts 
acute infective enteritis suffers damage and increased 
permeability of the gut mucosa by the aetiological 
agent. Gut permeability to cows' milk protein anti- 
gen may result in sensitisation so that a subsequent 
challenge with cows' milk protein may cause an 
immunological reaction on the gut wall resulting in 
additional mucosal damage, malabsorption, and 
continuing diarrhoea (Harrison ef al., 1976). To test 
this hypothesis the following study was designed. 


Patients and methods 
Infants under the age of 2 months presenting with the 


clinical features of acute infective enteritis, admitted 
to the Department of Paediatrics, University Hospi- 
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tal, between March and October 1976 were studied. 
All infants in this study had been fed a cows’ milk- 
based formula before and up to the time of the 
episode of acute diarrhoea. Rehydration and correc- 
tion of fluid and electrolyte imbalance were initially 
carried out intravenously. When the infant’s condi- 
tion improved and the diarrhoea was controlled, an 
oral 5% dextrose in } isotonic saline mixture was 
offered. Those infants who tolerated this mixture 
were further studied for cows’ milk protein-sensitive 
enteropathy. This required refeeding with a formula 
free of cows’ milk protein, such as Pregestimil, 
Nutramigen, or Sobee. All infants were kept in 
hospital until the stools were normal, the infant was 
feeding well, and weight gains had started again. 
They were then discharged home, usually within 2 
weeks of admission, the mothers being supplied with 
the appropriate formula free of cows’ milk protein 
and instructed not to offer any other milk without 
consulting us. 6 weeks later the infants were admitted 
for further study. 


Investigations at 6 weeks. (1) Low-lactose cows’ milk 
provocation test. In the majority of the infants Al 
110 (Nestle*) was used. In this test an initial feeding 
of 5 ml was offered. If no reaction occurred, the 
volume was doubled hourly for the first 4 hours and 
subsequently 3 hourly until daily fluid requirements 
were met. (2) Haemoglobin, total and differential 
white cell count before and after the reintroduction 
of cows’ milk. (3) Determination of complement and 
immunoglobulins in duodenal juice before and 24 
hours after milk challenge. (4) Determination of 
serum complement (C3, C4), serum immunoglobu- 
lins IgA, IgG, IgM, and IgE at 0, 14, 4, 12, and 24 
hours after cows’ milk challenge. (5) Testing of stools 
(if diarrhoea occurred) by the Clinitest method to 
exclude secondary sugar intolerance. (6) In all infants 
attempts were made to isolate parasitic, bacterial, 
and viral pathogens from the stools by culture, and 
by examination of stools under the light and electron 
microscope, 12 to 24 hours before and 12 to 24 hours 
after milk challenge. (7) Jejunal biopsy. The proximal] 
jejunal biopsy specimen taken with the Watson 
paediatric capsule just distal to the duodenojejunal 
junction was examined under a dissecting micro- 
scope. Thereafter the specimen was divided into 
three portions, one fixed in glutaraldehyde for light 
and electron microscope studies, a second for enzyme 
determinations, and a third portion for immuno- 
fluorescence studies. In addition, a mucosal imprint 
was done to detect Giardia lamblia (Kamath and 
Murugasu, 1974). The following jejunal biopsies 
were performed: (a) prechallenge, and (b) post- 
challenge; this was performed 24 hours after the 


*0-07 % lactose after reconstitution. 
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introduction of cows’ milk irrespective of the 
presence or absence of symptoms. 


Results 


Fourteen infants were studied, 9 under 2 months of 
age and 5 over 6 months. The latter 5 infants cli- 
nically tolerated cows’ milk and their pre- and post- 
challenge jejunal biopsies were within normal limits. 
Significant mucosal changes were, however, observed 
in the postchallenge compared to the prechallenge 
jejunal biopsies from all the 9 infants under 2 months. 
In addition, 5 of these 9 infants developed diarrhoea. 
In 4 infants bacterial pathogens were isolated from 
stools during their initial admission and were still 
present at the time of the challenge studies 6 weeks 
later. The clinical and histological data of the 9 
infants are summarised in Tables 1 and 2. The 
results of the immunological studies will be reported 
in full later. 


Discussion 


The 9 infants studied were all below the age of 6 
weeks and had made a complete clinical recovery 
from an episode of acute infective enteritis. A small 
bowel biopsy taken 6 weeks after clinical recovery 
showed either normal histology or changes regarded 
as only marginally abnormal. A further biopsy taken 
24 hours after the reintroduction of a cows’ milk 
formula (A1 110) showed mucosal damage in all 9 
infants. In addition, 5 infants developed diarrhoea, 
3 within 48 hours, and 2 at 1 week and 2 weeks 
respectively after challenge and while receiving a 
cows’ milk-based formula. All 5 responded satis- 
factorily when cows’ milk protein was excluded from 
their diets. It is our belief that the mucosal changes 
shown in these infants are the result of re-exposure to 
cows’ milk protein. 

In 4 of the infants bacterial pathogens were iso- 
lated from stools and were still present 6 weeks later 
despite clinical recovery (Table 2). However, it is 
extremely unlikely that the change of milk formula 
would have provoked bacterial activity and mucosal 
damage within 24 hours—the time interval between 
the two biopsies. Furthermore, in 5 infants bacterial 
pathogens were not isolated at any stage. 

Sugar intolerance was carefully excluded as an 
aetiological factor at the onset of the study and was 
excluded throughout the recovery period by testing 
of stools for reducing substances using the method of 
Kerry and Anderson (1964). Reducing substances 
were found in the stools of one infant when the 
cows’ milk-based formula was introduced. As the 
quantity of lactose contained in A1 110 is less than 
0.07947, it is unlikely that this small quantity of 
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Table 1 Clinical profile of 9 infants with acute enteritis sensitive to cows’ milk protein 
Age at Duration Stool 
onset of of isolate* Duration 
Case Age Ethnic Birthweight Type of feed diarrhoea diarrhoea (virus and Sugar Milk feed at of illness 
no (d) Sex group (kg) since birth (d) (d) bacteria) intolerance | discharge (d) 
1 4 M Chinese 3:03 CMF 3 1 Neg Neg Sobee 14 
2 8 M Chinese 3-5 CMF 5 3 EPEC $i Sobee 14 
3 3l M Indian 3-85 Breast for 1 week; 29 2 Neg = Nutramigen 10 
CMF from 1 
week 
4 9 F Chinese 3:9 Breast for 6 days; 6 3 Neg is Sobee 2 
CMF from 6 days 
5 28 F Chinese 2-35 CMF 3 25 Salmonella = 28 
6 9 M Malay 3.5 T 8 1 EPEC dá = 6 
7 28 F Indian 2-88 s 25 3 Neg - ài 3 
8 9 M Chinese 3-0 - 8 1 Neg is $3 6 
9 42 M Chinese 3:4 ie 28 14 Salmonella - Pregestimil 10 





*EPEC —enteropathogenic E. coli. 


Table2 Clinical symptoms, jejunal mucosal changes, and stool isolates before and after challenge with cows’ milk protein 
in 9 infants with acute enteritis sensitive to cows! milk protein 





Stool isolates Stool isolates 


12—24 h prechallenge 


Stool isolates* 
at Ist admission 


12—24 h postchallenge Prechallenge 


Postchallenge 





Case Histological} Histological} 
no. Virus Bacteria Virus Bacteria Virus Bacteria Symptoms abnormality Symptoms abnormality 
l — — — -—- — — Nil Normal (0) Diarrhoea 7 h after Severe (13) 
challenge 
2 — EPEC — EPEC - EPEC x: Mild (4) Nil Moderate (11) 
3 — — — — — — m Normal (0) Diarrhoea, weight Moderate (9-5) 
loss, lethargy 2 w 
postchallenge 
4 — — — — — — "T Normal (0) Diarrhoea 48 h Moderate (9) 
postchallenge 
5 — Salmonella — Salmonella — Salmonella  ,, Mild (5-5) Diarrhoea, weight Moderate (11) 
loss 1 w 
postchallenge 
6 — EPEC -— EPEC — EPEC e Normal (1) Nil Moderate (10) 
7 — — — — — — " Normal (3) Vomiting, fever, Severe (13) 
lethargy, diarrhoea, 
2 h postchallenge 
8 — -> —- -— — — ás Normal (2) Nil Moderate (9) 
9 — Salmonella — Salmonella — Salmonella  ,, Mild (4-5) Nil Moderate (8) 
*— — negative, 


TFigures in parentheses indicate scores: normal < 3, mild abnormality 3-7, moderate abnormality 8-11, severe abnormality > 11. 


lactose would have produced the mucosal changes. 
In fact there is little or no evidence to suggest that 
lactose causes mucosal damage directly. It is much 
more likely that lactose intolerance had either 
persisted after the initial bowel infection or that it 
had occurred as the result of mucosal damage 
induced by the cows’ milk protein present in the 
formula Al 110 (Liu et al., 1967). 

On the basis of this limited study we suggest that 
small infants who have been fed a cows’ milk 
formula before the onset of acute infective enteritis 
should be fed a non-cows’ milk protein formula and 
this should becontinued for some weeks after recovery. 
It is clear that further work is necessary to confirm 
these observations, and if confirmed, to establish the 
actual incidence. We have duplicated this study in a 


small group of 5 infants over the age of 6 months but 
could detect no evidence of either clinical disease or 
histological changes in the bowel mucosa. This 
further confirms our clinical experience that older 
infants tolerate cows’ milk protein in the refeeding 
regimen after acute infective enteritis. 


We are grateful to the nursing staff for their co- 
operation and to Mr P. Thirukumar for technical 
assistance; to Professor C. M. Anderson and Dr 
M. J. Tarlow from the Institute of Child Health, 
Birmingham, for valuable criticisms. This project 
was supported by funds from the Research Com- 
mittee of the University of Malaya. Sobee, Pregesti- 
mil, and Nutramigen were donated by Mead 
Johnson. 
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Structure of periadrenal brown fat in childhood in 
both expected and cot deaths 


JOHN L. EMERY AND FAY DINSDALE 


From the Department of Pathology, Children’s Hospital, Sheffield 


SUMMARY A quantitative study was carried out of the fat cells of the hilar pannicle of the adrenal 
in 150 infants comprising 60 hospital deaths, 2 accidental deaths, and 88 cot deaths. The cells were 
rated in categories of fat vacuolation. For a period of up to 8 weeks after birth there is an apparent 
depletion in the number and size of overt fat vacuoles in the cell and from this time on there is a 
progressive change to monolocular fat cells. The postnatal discharge of fat from the cell in the 
pannicle seems to be reduced in some children presenting as unexpected death in infancy. 


The past few years have been marked by a realisation 
that fat pannicles, particularly those associated with 
the viscera, are important metabolic organs in the 
infant (Hull, 1966; Hull and Hardman, 1970). Brown 
fat pannicles are distinguished by the possession of 
small fat cells having large mitochondria and a large 
proportion of cytoplasm to fat globules. Characteris- 
tically the cells contain many small fat globules as 
distinguished from the single large globule of the 
common white fat cell (Hull and Segall, 1966). As the 
brown fat cells become less active they become 
larger and look more and more like white fat cells. 
The so-called brown fat depots have been clearly 
linked to temperature regulation in the newborn 
child, but in addition recent evidence suggests that 
the structure of a fat pannicle is related to life at high 
altitudes and degrees of hypoxia (Davila Meza and 
Sanchez Lihon, 1971; Teplitz and Lim, 1974). It has 
also been suggested (Naeye, 1974a, b) that children 
dying in what is described as the ‘sudden infant death 
svndrome' show a retention of brown fat cells. 

For many years we have been impressed by the 
extreme variability of the general histological 
appearance of visceral fat pannicles in infants of the 
same age, and it was thought worthwhile to attempt a 
quantitative histological assessment of a specific 
visceral fat pannicle in infants, and to relate the 
findings to the type of death. While general areas of 
fat are easily identifiable, the selection of a particular 
site for study is not easy. Adjacent fat pannicles, 
particularly in the neck and even around the adrenal, 
frequently show quite different gross cell appearances. 

The pannicle we decided to use is that which is 
enclosed between the leaves of the adrenal at its 
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hilum. At this point there is a consistent mass of fat 
bounded on two sides by adrenal cortex, easily 
identifiable and obtainable at necropsy. 


Material and methods 


Adrenals from a sequential series of 150 children 
coming to necropsy at the Children's Hospital, 
Sheffield, were used. They included 6 stillborns, 95 
children between birth and 6 months of age, 24 
between 6 months and a year, and 25 between the 
ages of 1 and 16 years. Of these, 60 were hospital 
deaths, 2 known accidental deaths, and 88 presented 
as unexpected deaths in infancy. All of the latter 
cases were divided into degrees of explanation of 
deaths as previously described (Protestos ef al., 1973) 
in order to subdivide the partly explained from the 
unexplained unexpected deaths. Of these 88 children, 
37 came into the A and B, i.e. explained group, and 
50 into the C and D groups where death is relatively 
unexplained. 

The fat pannicle studied was situated between the 
leaves of the adrenal at the hilum of the gland. Left 
and right glands were used randomly. All the sections 
were examined without knowledge of the age of the 
child or the cause of death, and it was only after the 
fat cells in the pannicle had been graded that any 
correlation was made. 

The fat cells were divided into seven categories, 
based on the following histological criteria (Fig. 1). 
(1) Cells having uniform granulation with no 
vacuoles and the nucleus usually central. (2) Cells 
with almost uniform granular cytoplasm con- 
taining a few small vacuoles and central nucleus. 
(3| The granular cytoplasm contained definite 
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vacuoles but the vacuoles occupied less than 
half of the area of the cell cytoplasm. Again the 
nucleus is usually central. (4) The granular cytoplasm 
contains many vacuoles occupying more than half of 
the cell cytoplasm, the vacuoles are larger but the 
nucleus still lies within the body of the cell. (5) The 
granular cytoplasm contains one or two large 
vacuoles and the nucleus is now applied to the cell 
wall. (6) The cell is now largely occupied by 
a single large vacuole but a distinct edge of granular 
cytoplasm often blurred on the inner aspect is visible 
around the cell wall, the nucleus being applied to the 
cell wall. (7) A typical adult type cell with a single 
vacuole and apparently flattened peripheral nucleus 
and cytoplasm being almost absent, as seen in 
ordinary microscopy. Photographs and diagrams 
were available for constant reference by the person 
assessing the fat pannicle. 

The pannicles were assessed using a Swift Point 
Counter and a square central graticule. The pannicle 
was surveyed stepwise under high power and the 
number and type of cells within the graticule square 
counted. Cells in contact with the right and inferior 
wall were discarded as in routine blood counting 
technique, and those cutting the left and superior 
wall included. The nucleus was not necessarily 
visualised in every cell counted. The pannicle was 
surveyed until a total of 500 fat cells had been 
counted. This gave a differential count of the types of 
fat cells present. Reproducibility trials showed that 
in a series of 20 random cases there was no disagree- 
ment in the maximal number of fat cells being placed 
in any one category and this was achieved on a 500 
cell count. 


Results 


The cell morphology profiles were worked out for 
each child. These show irregular patterns within all 
age groups, making generalisation extremely difficult. 
This is illustrated by Fig. 3, which shows the propor- 
tion of apparently mature cells (type 7) in the pan- 
nicle. In a small number of children dying at birth the 
pannicles contain up to 15% of this type of cell and 
in several children dying from the age of 9 weeks 
onward over half of the cells appear to be of type 7. 
It is only after the age of approximately 25 weeks that 
this type of cell was seen in every pannicle assessed. 

In order to give the pattern of cell type mathema- 
tical expression, a scoring method was devised that 
would give an indication of the predominant cell 
picture and thus the possible degree of metabolic 
activity. The cells of type 7 were rated 1, because they 
appeared to us to be the least active metabolically; 
those of type 5 and 6 given a numerical value of 2; 
cells of type 3 and 4 a value of 3; and cells of type 1 





Fig. 1 Shows the classification of cell types. For 
description see text. 


(b 


Fig. 2 Photographs of fat cells snowing, from left to 
right, cells of (a) types 2 and 4, (b) 1 and 5. 
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Fig. 3 Shows proportion of cells of the monolocular type 
(type 7) seen in the adrenal hilar fat pannicle at different 
ages after birth. 


and 2 a value of 4. In each case 500 cells were 
counted and thus a pannicle showing all cells of 
type 7 would score 500, those containing all type 1 
and 2 cells would score 2000. All others would score 
an intermediary grade. The scores for all cases except 
the unexpected deaths were plotted as a scatter 
diagram and from this the total range of scores and 
the mean line were obtained (Fig. 4). A definite 
increase in the score occurred during the first 2-3 
weeks after birth and from the age of about 6 weeks 
there is a progressive decrease throughout the rest of 
childhood. 

In Fig. 5 the scores for the children found un- 
expectedly dead are added to the chart showing the 
range of scores in the explained deaths. Within the 
age group birth to 36 weeks, 29 cases of the un- 
expected deaths fell below the range of the others and 
only one above, but the general level is well below the 
mean in the age when ‘sudden infant deaths’ are 
prevalent, i.e. 2-20 weeks. There seems to be no 
obvious difference in distribution between the various 
categories of unexpected deaths. 


Discussion 


Any quantitative assessment of brown fat in infants 
is extremely difficult due to its wide distribution 
around the infant. Even studies of distribution such 
as that carried out by Aherne and Hull (1966) and 
Heaton (1972) give only a crude assessment. For 
example, in our experience the most consistent mass 
of brown adipose tissue lies round the spinal cord in 
the lumbar region—a mass which is not indicated in 
the latter survey. Routine sections from the neck and 
other parts of the body in children also show brown 
fat pannicles of multilocular fat cells interdigitated 
with pannicles of unilocular cell type, and it appears 
to be completely impracticable to make a whole body 
assessment. 
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Fig. 4 Distribution curve including the mean, 0, and 
100th centile of the histological profile of the fat cells in 
the adrenal hilar fat pannicle related to postnatal age in 
all hospital and other deaths but excluding those dying 
unexpectedly at home. An expanded scale is used up to 
the age of 40 weeks. 
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Fig. 5 Fat cell scores of the children presenting as 
unexpected deaths compared with the rest of child deaths. 
The unexplained, unexpected sudden deaths (C and D) are 
shown as solid squares and the explained sudden deaths 
(B) are enclosed in squares. 


The persistence of multilocular fat seems to vary 
greatly from site to site; for example in the inter- 
scapular area and greater omentum brown fat is 
present in infancy and childhood but absent in old 
people, whereas the multilocular fat persists until old 
age in sites associated with the neck and intercostal 
vessels (Heaton, 1972). The pannicle we have studied 
lies in the centre of the area which all observers accept 
as sites of brown fat, and is probably the most easily 
identifiable mass of fat in the body. 

Assessment of brown adipose tissue round the 
adrenal, such as that recorded by Naeye (1974a, b), 
seems to us to be highly subjective, depending on how 
much tissue was removed. The simple division of fat 
into brown and non-brown is extremely subjective. 
Naeye's division of cells does not depend on whether 
the cells are uni- or multilocular but on the presence 
or absence of a reticular cytoplasm. What degree and 
amount of multilocular fat in a pannicle makes the 
pannicle ‘brown’ or ‘white’ is uncertain, and for this 
reason we divided our cells into cell types which are 
reasonably reproducible. The mathematical grading 
of the cells is arbitrary. 
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The method which we have used in this study is 
confined to a single pannicle and thus can only be 
interpreted for that pannicle. We have not as yet 
made parallel studies of other pannicles for two 
reasons; it is difficult to find another equally well- 
defined pannicle to study, and we have at the moment 
no idea as to which could be the most significant 
pannicle. However, the general appearance of the 
adrenal fat pannicle is usually similar to pannicles in 
such sites as the mesentery and portal area. 

Aherne and Hull (1966), in a survey of sections 
from 187 babies, stated that morphologically the fat 
content of the brown fat fell over the first 4 days after 
birth, and that in many babies dying after the 8th day 
the brown fat cells were either partially or totally 
depleted of fat. Our findings appear to both confirm 
and extend their observations, but also show that the 
period of depletion takes place over a longer period, 
i.e. up to 8 weeks after birth. 

To relate histological appearance to metabolic 
activity may be taking an unjustifiable step. The 
discharge of fat from brown fat pannicles may 
indicate a heightened activity or partial exhaustion 
and we are not convinced that we can make a direct 
correlation between histological appearance and the 
interpretation of fat pannicles. The scoring method 
we have used is essentially a method which quanti- 
tates the number of fat cells within the brown fat 
pannicle having a smaller and reduced number of 
overt fat globules, and we would be going beyond our 
evidence to suggest the implication of this at the 
present time. 

A postnatal depletion in large fat globules in the 
adrenal brown fat in children dying in the perinatal 
period up to 8 weeks after birth may indicate a 
disease factor or a physiological one. The pattern is 
so consistent in children dying from such a variety of 
conditions that the physiological factor seems most 
justifiable. 

The situation regarding children found un- 
expectedly dead poses a problem. Until a few years 
ago it was common practice to regard these babies as 
virtually normal controls as they were thought to 
show little evidence of overt pathological processes. 
We have shown elsewhere (Sinclair-Smith ef al., 
1976) that these children on a nonspecific basis show 
at least equal evidence of having responded to 
general disease, as do hospital deaths, and thus we 
can no longer use arguments on degrees of normality. 
All we can say at the moment is that some of the 
group of children who are found unexpectedly dead 
appear superficially to have responded, from a 
specific brown fat pannicle point of view, differently 
from those who died in hospital from known 
disease. It is not possible to relate our observations 
regarding the aetiology of ‘sudden infant deaths’ 
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directly to the observations of Naeye. In his 
1974a paper he notes that his method of studying 
brown fat is of little value under the age of 3 months. 
In his 1976 paper (Naeye et al.) he excluded from his 
analysis of fat all children under the age of 5 months, 
and therefore excludes most cot deaths. 

In the cases of unexpected death which we have 
studied which were older than 5 months the rating of 
the fat pannicle falls within the same range as the 
‘controls’. In the children dying at a younger age, 
where the majority of the unexpected deaths occur in 
our material, the scores show an activity index lower 
than that of the *controls'—fewer multilocular cells 
were counted. This is exactly the reverse of Naeye's 
suggestion based on his older children. It must be 
pointed out, however, that we believe that un- 
expected deaths are not due to a single condition but 
to a number of heterogeneous situations ; even within 
the age group 2-30 weeks; in our material more than 
half the cases of unexpected death showed values 
within the same range as those found in children 
dying in hospital. We have not measured the total 
number of fat cells in the pannicle and are in no 
position to talk of hyperplasia or atrophy; we are 
simply concerned with the cytoplasmic state of the 
cells in the pannicle. The situation, however, calls for 
further study. 


This study was supported by the Foundation for the 
Study of Infant Deaths. 
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Assessing chances of hospital admissiori in 
preschool children* 


Critical evaluation 


M. E. J. WADSWORTH AND S. MORRIS 


From the Medical Research Council Unit for the Study of Environmental Factors in Mental and Physical Illness, 
London School of Economics 


SUMMARY In discussing social class differentials in childhood mortality and morbidity a recent 
report on the British child health services suggests that it is possible to identify children at risk, and a 
government publication has indicated that health visitors (community nurses) could do this. The 
National Survey of Health and Development, a longitudinal study of over 5000 children regularly 
investigated from birth so far to age 31 years, gives an opportunity to test the usefulness of these 
propositions, since it has complete illness records of the study population and health visitors' 
assessments of their home circumstances, maternal care, and use of child welfare services. 

This study shows that these assessments were not particularly successful in identifying children at 
risk of hospital admissions for certain illnesses, even when more than one hospital admission or a 
serious illness later occurred. The maximum reduction of hospital costs by such identification would 
be little better than one-third and there would be an unquantifiable, but very real, stress imposed on 
families in which children were wrongly identified as at risk. It is suggested that further development 
of health visitors’ work as family nurses would give a more effective form of child health care by 
providing greater sensitivity of surveillance, by involving parents in preventive care, and by making 


appropriate use of health visitors' skills. 


There can be little doubt that illness in the first 5 
years of life is of particular significance. Risk of 
death is higher than at any other time in childhood, 
and evidence is accumulating that illness at this time 
may have a long-term effect, not only on the health 
of the adolescent and young adult (Colley ef al., 
1973; Kiernan et al., 1976) but its treatment may in 
some cases affect later behaviour (Douglas, 1975). 
The recent consultative document on the future of 
the personal health and social services in England 
points out that ‘perinatal and pre-school years . . . are 
of crucial importance for the child's later develop- 
ment’ (para 9.4), and notes ‘the need to avoid keeping 
children in hospital for long periods’ (para 9.7) 
(Department of Health and Social Security, 1976). 
Clearly, prevention is the appropriate strategy, and 
it is important to ask, how far is it helpful to go into 
the business of primary prevention? 
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*This paper was originally presented as a discussion 
document for the Vulnerable Families Sub-Committee of the 
Child Health Programme Planning Group, Scottish Home 
and Health Department. 


Prevention at all levels is based on the knowledge of 
risk factors, and for some conditions and at some 
times in life much is known of such factors. For 
example, risk factors for perinatal mortality are well 
defined (Butler and Bonham, 1963), and the use of 
risk factors in the selection of a particularly high-risk 
group, such as those at risk of handicap, has also 
been described and evaluated (Alberman and Gold- 
stein, 1970). 

The Court Report (Department of Health and 
Social Security ef al., 1976) observed that a ‘child 
born into the family of a semi-skilled worker is twice 
as likely to die between the end of the first month and 
the first year of his life . . . as a child born to parents 
in social classes I and II’ (p.6), and also reminds us 
that, 


*. . . disadvantage is not determined by class 
alone. Disadvantaged children are more likely to 
be born to young mothers who are less likely to 
have used the antenatal services and are more 
likely to have smoked heavily during pregnancy. 
They are more likely to be born prematurely and 
have a low birthweight. In the early days and 
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weeks of life they are more exposed to the risk of 
infection and death. Evidence to this Committee 
suggests that it is largely possible for this group 
to be identified.’ (pp.6-7). 


But whereas the search for risk factors in the first 
6 months of life has been fairly successful for certain 
conditions, these conditions are not the commonest, 
nor has the identification of risk factors during the 
subsequent childhood years been very helpful. Never- 
theless, the Court Report asserts that ‘much ill-health 
in children is preventable’ (para 12.2), and notes that 
‘much of the illness coming to primary care has a 
strong psycho-social element’ (para 12.5). Could it 
be that the social characteristics of those consulting 
medical care would provide some useful identifying 
factors for the early identification of children who 
are most likely to require care? 

A keystone of future plans for the identification of 
children who are most at risk of illness seems to be 
‘expansion of the health visiting service, with its 
crucial role in protecting the health of the most 
vulnerable children and bringing to notice cases of 
neglect and ill-treatment’ (Department of Health and 
Social Security, 1976 para 9.25). If health visitors are 
to ‘protect’ the health of the most vulnerable they 
will need to have certain signs or indicators to look 
for in order to identify this group. 

If identification is carried out by way of a thorough 
knowledge of families as advocated by the Court 
Report (paras 12.8, 12.9) the number of health 
visitors needed to spend sufficient time ‘for regular 
contact between parents and members of the health 
care team’ would be considerable. On the other hand, 
identification by systematic assessment of informa- 
tion routinely collected on every child might also be 
expensive, especially if collecting and processing 
information had to be a special exercise. Obviously 
any information (such as social class) which has to be 
coded, or which can only be collecied by general 
population survey or a private census is impractical, 
for reasons of time and cost. We report an assessment 
of the yield of children at risk of illness identified by 
systematically collected information. The informa- 
tion used has been restricted to that which would be 
readily available to health visitors mow. The cost 
effectiveness of this procedure is also examined. 


Method 


An opportunity exists to test the practicality of such 
a scheme by way of the National Survey of Health 
and Development. It is a prospective nationwide 
survey of 5362 children, comprising all the single, 
legitimate live births in the week 3rd to the 9th 
March, 1946 to wives of nonmanual and agricul- 


tural workers, and 1 in 4 of similarly defined births 
in the same week to wives of all other manual 
workers. The selection of 1 in 4 of manual workers' 
children can be compensated for by statistical 
weighting of results. This population of children has 
been studied at intervals of not less than 2 years since 
their birth up to the age 26 years, and the investiga- 
tion is continuing. An outline of the study's current 
work may be found in Douglas (1976) and in 
Douglas et al. (1977). 

During the children's preschool years health 
visitors and district nurses collected information 
about the family circumstances and the index child's 
health when the child was aged 8 weeks, and again at 
2 years and at 4 years. They also assessed certain 
aspects of the mother's care of this child. Mothers 
also gave information about children's admissions to 
hospital and details were checked with hospita!s. 
From these data information has been selected which, 
although especially collected for this study, would be 
easily available in everyday practice to health visitors. 
A group of children was defined for these purposes, 
as having been admitted to hospital between birth 
and their fifth birthday with illnesses which were 
likely to be associated with the kind of information 
routinely available to health visitors, and in which 
early intervention was judged likely to be profitable. 
These decisions were made about types of illnesses 
and not on knowledge of individual cases, and these 
disorders, which are now referred to as the 'pre- 
ventable' conditions, are listed in Table 1. One or 
more of these illnesses was experienced by 754 
children by their fifth birthday (Table 2). 


Table 1 Admissions to hospital between birth and the 
fifth birthday for illnesses judged to be preventable. Diseases 
are grouped according to the International Statistical 
Classification (WHO, 1948) 





No. of 
admissions 
ISC per 1000 
code ISC disease group No. live births 
1-138 All infective and parasitic diseases 210 39-2 
280- 89 Avitaminoses and other metabolic 
diseases 2 0-4 
291 Iron deficiency anaemias l 0-2 
340- 5 Inflammatory diseases of the CNS B 0-9 
370- 9 Inflammatory diseases of the eye 4 0-7 
390- 96 Diseases of the ear and mastoid process 77 14-4 
470-527 Diseases of the respiratory system 411 76-7 
530- 35 Dental disease I 0-2 
571- 2 Gastroenteritis and colitis 34 6-3 
590-609 Nephritis, nephrosis, and other diseases 
of the urinary system 19 3.5 
690-716 Disease of the skin and cellular tissue 21 3-9 
763- 65 
& Birth injuries, asphyxia, and infection 
767— 68 of the newborn 12 2:2 
772— 73 Nutritional maladjustment and 
ill-defined diseases peculiar to early 
infancy 12 2°2 
800-996 Accidents, poisoning, and violence 93 173 
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Table2 Admissions to hospital between birth and the fifth 
birthday 





Admitted to 


hospital, but Admitted to 








Not admitted not with hospital with 
Total to hospital ‘preventable’ ‘preventable’ 
population at this age illness illness 
No. 5362 4107 501 754 
06 100-0 76:6 9-3 14-1 
Findings 


Identification of risk factors. Table 3 lists information 
among which risk factors were sought by examina- 
tion of associations between each item of informa- 
tion and hospitalisation for preventable conditions. 
Table 4 shows that these children were significantly 
more likely to live in families classified as manual 
social class, and other associations showed this too. 


Table 3 The four sets of factors used in the analysis 





Family structure and home circumstances 

Social class (derived from father's occupation when the child was 
aged 4 years and coded using the Family Census of 1946) 

Mother's education—final level achieved 

Mother's age at birth of this child 

Mother's age at marriage 

No. of children in the household when this child was aged 
4 years 

Birth order of this child 

Whether the family had been broken by divorce, separation, or 
parental death by the time this child was aged 4 years 

Whether or not the home was owned 


Health visitor's assessments made when the child was aged 4 years 
Of the cleanliness of the house 
Of the state of the child's footwear 
Of the state of the child's clothes 
Of the cleanliness of the child 
Of the mother's willingness to accept advice 
Of the mother's management and understanding of the child 


Records of services used (compiled by health visitors) 
The number of these services used—antenatal care, postnatal 
care, and diphtheria immunisation of the child 


No. of infant welfare attendances in the child's first year of life 


Birth circumstances 
Birthweight 





Table 4 Comparison of the social class of fathers of 
children hospitalised for preventable illness between birth 
and their fifth birthday with all other children 





Social class of father 


Nonmanual Manual 


Children in hospital with 10-4 15-1 
‘preventable’ conditions (133) (615) 
All other children 89-6 84-9 

(1142) (3457) 
Total (= 100%) (1275) (4072) 





x? = 17:23 with 1 df P<0-001. 
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Health visitors significantly more often rated the 
hospitalised children as among the least clean, as 
more often having clothes in an unsatisfactory state 
of repair, and their mothers were more often scored 
with the worst maternal management score. In terms 
of family structure they more often came from large 
families, and were themselves more likely to be 3rd or 
later born children, and they more commonly lived 
in poor accommodation. Their mothers less often 
used antenatal care, postnatal care, or had their 
children immunised against diphtheria. They were, in 
short, a socially quite visible group. These findings 
were used in a discriminant analysis to rank children 
according to the extent to which this information 
classified them as at risk of having a preventable ill- 
ness so that the success of identification of the 
children actually hospitalised with such conditions 
could be established. 


Use of risk factors in prediction. Table 5 shows the 
rates of prediction obtained when information on 
this population of children was used to predict which 
ones would be hospitalised between birth and their 
fifth birthday, and it is clear that, as the numbers of 
false positives and false negatives show, it is not a 
very successful prediction. In epidemiological terms 
the sensitivity of this identification was 59.8% (i.e. 
the percentage of hospitalised children identified) and 
the specificity 51.6% (i.e. the percentage of non- 
hospitalised children identified). We tried to improve 
on these disappointing findings by selecting only the 
top 20% of the whole population, that is the 20% 
most at risk. However, even this showed that only 
27% of all hospitalised children were to be found in 
this segment of the whole population. 

The procedure already described was repeated, but 
this time to try to distinguish those children first 
admitted to hospital for any reason between ages 5 
and 11 years. The results were moderate but not 
spectacular, identifying correctly 62.1% of hospital 
admissions and 45.7% of those not admitted. There 
was a little improvement with increasing numbers of 
admissions, and whereas 58.4% of first admissions 
were correctly identified, the percentage of second 
admissions was 64.4%, and of third admissions 
68.8 %. 

The data were also not particularly helpful in the 
correct identification of those with specific illnesses. 


Table 5 Results of the discriminant analysis showing 
actual and predicted hospitalisation 





Predicted as Predicted as 


hospitalised not hospitalised 
Actually 
hospitalised 303 204 
Actually not 
hospitalised 1440 1535 
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Of the 108 children for whom information on all the 
risk factors was available and who were diagnosed as 
asthmatic by age 15 years, 47 were correctly dis- 
tinguished as sick and 61 were incorrectly classified 
as fit; similarly 9 polio victims were correctly 
identified and 11 missed, and 17 children with speech 
defects were identified and 12 missed. 


Cost of hospital admission. Could it be that despite 
the relatively low predictive value of these data they 
were, in fact, selecting out the children who ex- 
perienced the longest, and therefore the most costly, 
hospital stays? By using the DHSS’s information on 
the cost of hospital stays in all English and Welsh 
regions for 1951-1952, Table 6 shows that although 
admissions for illnesses designated as preventable 
accounted for as much as 71 % of the total cost, the 
maximum saving that would have been achieved if 
all the correctly identified hospitalised children had 
not been admitted to hospital was 35%. Although 
savings of this order would be welcome and would 
have the additional advantage of preventing a child 
experiencing hospital admission, nevertheless alter- 
native forms of treatment are not costless, although 
for want of cost data they have not been taken into 
account. Nor was it possible to say how much it 
would have cost to carry out surveillance of the 
false-positive group, that is those who were wrongly 
identified as hospitalised. Similarly, it was impossible 
to compute a notional cost of the strain on families 
of having a child admitted to hospital, or of having a 
child classified as at risk. 


Discussion 


At first sight these findings may seem disappointing, 
and not very helpful in identifying sick children, or in 
achieving a satisfactorily low percentage of children 
wrongly identified as sick, or in achieving a signi- 
ficant cost saving. However, these factors do seem to 
have had a degree of success comparable with that of 
at-risk registers. At-risk registers have not been 
conspicuously successful largely because the range of 
at-risk criteria normally used has been found to 


apply to 60% or more of all children (Oppé, 1967), 
whereas a level of 20% had been anticipated (Sheri- 
dan, 1962). Such high percentages of children selected 
as at risk, of course, negate the potential usefulness of 
surveillance, because of the overwhelming numbers. 
This reason can appropriately be said to have con- 
tributed to the findings of the present study, and 
maybe there were other reasons. 

Perhaps the social factors used were the wrong 
ones; but in fact little else could be readily available 
for all families with children. Perhaps the obstetric 
data, which consisted here only of birthweight, were 
not enough; but most other obstetric factors asso- 
ciated with a poor prognosis also present together 
with low birth-weight, low social class, and large 
family size. Perhaps, of course, the population of the 
National Survey of Health and Development is not 
representative, and is somehow biased in its ex- 
perience of illness. This is unlikely, since comparison 
with other studies and with official population 
statistics shows it to be representative of many 
illnesses, as well as of certain social factors such as 
marriage, divorce, and crime rates (Pless and 
Douglas, 1971; Wadsworth and Jarrett, 1974). 

The fact is that illness in children from the second 
year of life onwards is not likely to be associated with 
such crude measures of life style as social class, or 
family size, or the kinds of things that could easily be 
collected by health visitors in the course of their 
work. It is associated with things in the social 
environment which require much finer instruments to 
detect, as recent aetiological research in some condi- 
tions, such as accidental injury, shows. 

Both the work on at-risk registers and the findings 
of this study show that without extra expenditure on 
collecting more sensitive data health visitors are not 
going to be able to establish grades of risk for the 
whole population that will allow economically 
viable detection of individuals who require care. 
Perhaps, therefore it will be better not to use nursing 
skills in the essentially clerical task of establishing 
at-risk registers of vulnerable children, but rather to 
allow health visitors to develop their ‘role as a child 
and family nurse in health and illness’ since ‘her 


Table 6 Cost of admissions* to hospital between birth and the fifth birthday of the English and Welsh children 








1946/7 1947/8 1948/9 1949/50 1950/51 

Total costs £.np 7862-72 5941-78 8440-31 9379-44 10162-45 
Cost per capita for the survey's English and Welsh popu'ation in 

these years (n — 4367) £.np 1-80 1:36 1:93 2:15 2:33 
Estimate of *preventable' illness admissions costs £.np 4845 4222-27 5964-97 8096-94 6726-97 

(95 of total cost) (61-62) (71-67) (70-67) (81-96) (66-19) 
Percentage of total costs saved if correctly predicted admissions for 

‘preventable’ illness had prevented admission 20-9 21:5 19-3 29.1 35.1 
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*Costs were computed for each year 1946/51 using information from the Hospital Costing Returns 1951/52 (Ministry of Health, 1953), the British 
Labour Statistics Historical Abstract 1866-1968 (Department of Employment, 1971) by deflating the 1950/51 figures back for every year. 
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access to the child in his home gives her unique and 
essential opportunities to observe young children in 
their natural environment’ (Department of Health 
and Social Security et. al., 1976). The adoption of 
this role by health visitors would, as the Court 
committee suggests, not only form a sensitive method 
of surveillance but also be the beginnings of a way to 
involve parents in this and other preventive aspects 
of the health care of their children. It would also 
make good use of health visitors skills, with appro- 
priate consideration for their morale. 

In fact, many general practitioners and health 
visitors with experience of close and fairly regular 
observation of children and parents would probably 
feel that establishing vulnerability or a condition of 
being at risk is relatively easy, given appropriate 
opportunities for close contact and home visiting. 
Research is now much more urgently required in 
what to do about the children identified as at risk. 


We are particularly indebted to a number of people 
for their comments, especially our Director, Dr 
J. W. B. Douglas, and Mrs B. Alderman, Ms E. 
Atkins, Dr M. Marmot, Ms M. Pocock, Mr B. 
Rodgers, and Mr J. Urquhart. 
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Aortic thrombosis in the newborn period 


G. T. KNOWLSON AND H. B. MARSDEN 


From the Department of Pathology, University of Manchester, and Royal Manchester Children’s Hospital 


SUMMARY Three cases are reported in which thrombi were found in the aorta at postmortem. In 
each case the thrombus had originated within the ductus arteriosus. We believe that in recent years 
the attention paid to the presence of indwelling cannulae as a cause of embolic phenomena in the 
newborn period has led to a reduction in emphasis on the importance of the ductus in this field. We 
think that the ductus should still be regarded as an important source of some emboli. 


Arterial embolic phenomena in the newborn are a 
relatively rare occurrence. The usual mode of 
presentation is that of gangrene in one or several 
limbs, but there is evidence to show that thrombosis 
can occur in any artery in the body (Dohan, 1934). 
In recent years several theories have been put forward 
but the dominant ones have implicated the ductus 
arteriosus and the presence of indwelling cannulae. 
Before 1940 emphasis was laid on abnormal birth 
trauma and sepsis; it was only relatively recently that 
Gross (1945) re-emphasised the importance of the 
closure of the ductus in this condition. We report 3 
cases of thrombosis in the aorta in which the thrombi 
originated in the ductus. 


Case reports 


Case 1. A male infant was first admitted to hospital 
at the age of 3 days with a feeding problem and was 
discharged a few days later after observation. At 16 
days he was readmitted because of failure to gain 
weight and loose stools. There was no significant 
family history and no history of maternal diabetes. 
On admission there was marked dehydration with 
signs of peripheral circulatory failure. Blood 
pressure was 50/? mmHg, respiration rate 80/minute, 
and pulse rate 180/minute with sinus rhythm. The 
infant was semicomatose and moderately hypotonic. 

Electrolyte estimation showed serum sodium 174 
mmol/l, potassium 9:8 mmol/l, and serum urea 240 
mg/100 ml (40 mmol/l). White cell count was 
20 x 10*/l, with a polymorphonuclear leucocytosis. 
He was treated with plasma, hydrocortisone, 0-45% 
sodium chloride, bicarbonate, and antibiotics. 
Attempts were made to control the high serum 
potassium with glucose and insulin, an ion-exchange 
resin, and later peritoneal dialysis. 
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Three hours after admission the abdomen was 
noted to be swollen, with oedema of the abdominal 
wall and mottling of the lower limbs. During the first 
8 hours only 3 ml of cloudy urine was passed. 15 
hours after admission convulsions occurred which 
were controlled but the infant died after a cardiac 
arrest. 

At post-mortem an ante-mortem thrombus was 
found at the bifurcation of the aorta which extended 
down into the right iliac artery. At the site of inser- 
tion of the ductus into theaorta there was an adherent 
thrombus of longer standing, insinuating itself into 
the lumen of the aorta. There was no other abnor- 
mality except the presence of some pus in the middle 
ear. 


Case 2. A male child born to a nondiabetic mother 
was first seen at the age of 14 days with diarrhoea. 
The history suggested that the stools had been loose 
since birth and the infant had been feeding poorly 
but had not vomited. On admission the infant was 
shocked, pale, and there was diffuse mottling of the 
body and grunting respirations. There was gross 
dehydration, the legs were cold, cyanosed, and 
flaccid, and no pulses were palpable. There was some 
erythema in the right hypochondrium. 

Rehydration was carried out and the acidosis 
corrected with bicarbonate and 0:45% sodium 
chloride but a period of cardiac arrest occurred soon 
after admission and resuscitation was unsuccessful. At 
post-mortem there was a thrombus arising within the 
partially closed ductus and extending into the aorta 
(Fig). Again there was pus in the right middle ear. 


Case 3. A male infant was admitted to hospital at the 
age of 10 days. He was a term infant and delivery 
had been uncomplicated. There had been a short 
illness of 2 days' duration with recurrent vomiting 
and the passage of 8-10 green watery stools in the 
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Fig. Showing the long thrombus extending down into the 
aorta from an origin in the ductus (top centre). 


preceding 24 hours. Some of the stools had appeared 
bloodstained and immediately before admission the 
urine was bright red. Bruising had occurred on the 
right hand and right leg. There was no family history 
of serious illness or bruising. There was no history of 
diabetes. 

On examination he was quiet, and had cyanosis of 
the legs and severe dehydration. Temperature was 
38-4°C. Serum sodium was 163 mmol/l and blood 
urea 250 mg/100 ml (41-6 mmol/l). Urinalysis showed 
a heavy deposit of red cells. He was treated with 
hydrocortisone, colistin, and chloramphenicol, 
vitamin K, and oral fluids. However, he died after 
cardiac arrest, within 24 hours of admission. 

At post-mortem there was cyanosis of the lower 
extremities, purpuric lesions on the neck, and the 
fontanelle was depressed. The ductus was patent and 
there was aneurysmal dilatation which contained 
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thrombus. A second thrombus was obstructing the 
bifurcation of the aorta at the iliac arteries. There was 
infarction of both kidneys. 


Discussion 


In 1941, Heller and Alvari reviewed the published 
reports on gangrene of the extremities in the new- 
born. They found 40 cases in all, 9 involving the 
upper extremity and 24 the lower extremity, and in 7 
the involvement was more diffuse. They felt that 
their cases fell into two major groups; those in which 
the gangrene seemed related to pressure associated 
with long and difficult deliveries and those associated 
with infection. In other cases suggestions of 
Raynaud's disease, neurological disorders, and 
diabetes in the mother were based on less convincing 
evidence. However, the incidence of hard and difficult 
labour and neonatal asphyxia was in excess of that 
encountered in routine deliveries. 

Gross (1945) added 6 of his own cases and noted 
that sepsis was an important factor but re-emphasised 
the observation of Klob (1859) that the ductus 
arteriosus was often involved in the process. In some 
cases he described 'extraordinary dilatation of the 
ductus arteriosus and thrombosis of this vessel'. He 
concluded that ‘there seemed little doubt that the 
thrombus had originated as an embolus from the 
ductus arteriosus’. It was accepted that sepsis trauma 
during delivery and polycythaemia were factors, but 
emphasis was laid on the importance of the original 
thrombotic episode occurring within the ductus. 
Other earlier reports also implicate the ductus, 
particularly those of Kowalski (1921) whose case 
included renal artery thrombosis and Gruner (1904) 
who described thrombi in the coeliac artery. 

More recently (Egan and Eitzman, 1971; Erkan 
et al., 1968; Neal et al., 1972; Gupta et al., 1968), 
attention has been paid to the introduction of in- 
dwelling catheters and the importance of the ductus 
appears to have been forgotten. The normal ductus 
closes functionally within 8-24 hours of birth. As the 
lungs expand on inspiration there is a rotation of the 
ductus which causes some narrowing. The final 
closure occurs later by hypertrophy of the intimal 
lining and extension of endothelial cushions 
developed im utero (Hislop and Reid, 1974), and it 
has been suggested that fluid is lost from the wall 
due to changes in sodium transport. Thrombosis 
should not occur in the normal ductus as it closes. 
Factors which may interrupt this normal sequence 
are a fall in the Po, which causes ductal dilatation in 
sheep and in these circumstances thrombosis may 
occur in the lumen. 

It is apparent from published reports that several 
factors lead to the production of thrombosis with 
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emboli in the newborn. The major ones are dehydra- 
tion, polycythaemia, sepsis, trauma, and in recent 
years the use of umbilical catheters. Whatever the 
cause of the formation of the thrombus it seems 
evident that the ductus may be implicated in more 
of the cases of peripheral arterial embolus described 
than is at present appreciated. 


We thank Mrs R. Parkinson for help in preparing 
the manuscript. 
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Short reports 


Effect of practical timing of dosage 
on theophylline blood levels in 
asthmatic children treated with 
choline theophyllinate 


The bronchodilator effect of theophylline has been 
known for over 50 years, but although it has been 
widely used both intravenously and rectally in the 
treatment of acute asthma, its use as an oral broncho- 
dilator has been limited by inadequate knowledge of 
the correct dosage of the oral preparations. The 
therapeutic level of theophylline is generally con- 
sidered to be between 10 and 20 ug/ml (Turner- 
Warwick, 1957; Jenne et al., 1972), although sub- 
optimal bronchodilation can be achieved with levels 
of 5 ug/ml or less (Maselli eż al., 1970; Nicholson and 
Chick, 1973). Serious toxicity with levels of less than 
20 ug/ml has not been reported, but when this level is 
exceeded, nausea and vomiting become increasingly 
common (Jenne eft al., 1972; Jacobs et al., 1974; 
Zwillich e£ al., 1975). Convulsions usually occur at 
high levels but may not be preceded by other 
symptoms. 

Pharmacokinetic studies have shown that the mean 
biological half-life of theophylline is 3:7 hours (Ellis 
et al., 1976), and so on this basis a 6-hour dose 
regimen seems reasonable. This, however, is not at 
all suitable for the treatment of children outside 
hospital because of its inconvenience. 

The purpose of this study was to try and establish 
a suitable regimen for the treatment of asthmatic 
children at home using choline theophyllinate, a 
compound containing 64% theophylline, which is 
available in both liquid and tablet form and hence 
very suitable for children. 


Patients 


Twenty children were studied. All were moderately 
severe asthmatics with perennial symptoms who were 
considered to need continuous long-term treatment. 
All were studied as hospital inpatients. They were 
divided arbitrarily into two groups. The mean age of 
the 9 children in group A was 6:9 years (range 
1-4-14-5 years), and of the 11 in group B was 6:7 
years (range 3-4-10-3 years). 


Methods 


For the period of the study, the children did not 
receive tea, which contains theophylline. 


Group A. These children were given choline theophyll- 
inate in a dosage of as near as possible 8 mg/kg per 
dose qds (mean 7:9 mg/kg, range 7:2-8:7 mg/kg), 
starting with half the dose on the first day to try and 
minimise nausea. The doses were given at 0800 h, 
1300 h. 1700 h, and 2100 h, times considered suitable 
for administration outside hospital. On the third day 
of the study serum levels were measured 2 hours after 
each dose and before the 0800 h dose the following 
morning. 


Group B. These children were given choline theophyll- 
inate in a dosage of as near as possible 10 mg/kg per 
dose tds (mean 9:7 mg/kg, range 8:6 mg/kg-10.7 
mg/kg), starting on the first day with half the dosage. 
In this group the times of administration were 0800 h, 
1600 h, and 2100 h. On the third day serum levels 
were measured 2 hours after each dose, immediately 
before the 1600 h dose and before the 0800 h dose 
the following morning. 


Method of theophylline measurement 


The theophylline was measured by high-pressure 
liquid chromatography on a minimum of 25 yl of 
serum or plasma obtained by finger-prick or from an 
indwelling intravenous needle. Theobromine and 
caffeine do not interfere with the measurement (cf. the 
method of Schack and Waxler, 1949) andso chocolate, 
coffee, and cola were not restricted for the period of 
the study. Sulphamethoxazole, however, in high 
quantities does interfere with the measurement. A 
result can be obtained within 15 minutes. 


Results 


Three children had to be withdrawn from the study: 
one from group À, who was vomiting on the first 
day, and one from group B who was vomiting on the 
second day. Neither child had serum levels above 
10 ug/ml at the time of vomiting. A third child was 
withdrawn because he was concomitantly taking 
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trimethoprim-sulphamethoxazole and this interfered 
with the method of measurement. 


Group A. The results for group A are shown in 
Table 1. The mean 2-hour postdose levels all fall 




















Table 1 Theophylline levels of group A patients (ug/ml 
serum) 
Times of estimation (h) 
Case Before 
no. 0800 1000 1500 1900 2300 
1 13 20 19 18 19 
2 7 13 14 20 19 
3 4 8 9 9 10 
4 6 15 13 17 16 
3 5 10 14 15 16 
€ 7 13 13 10 15 
7 6 12 18 19 17 
8 2 9 12 14 12 





within the therapeutic range and no level exceeded 
20 ug/ml. The mean pre-0800 h level was 6 ug/ml 
(range 2-13 ug/ml). The difference between the 
maximum and minimum peak levels for each child 
ranged between 2 and 7 ug/ml. 


Group B. The results for group B are shown in 
Table 2. All 2-hour postdose levels are within the 


Table 2 Theophylline levels of group B patients (ug/ml 
serum) 





Times of estimation (h) 





Case Before 

no. 0800 1000 1600 1800 2300 
1 2 10 3 9 12 
2 7 14 9 15 16 
3 4 10 5 13 16 
- 5 17 4 19 19 
5 7 14 9 15 14 
6 5 14 7 17 19 
7 8 15 6 12 13 
8 6 13 6 10 12 
9 3 10 6 9 10 





therapeutic range. The mean pre-0800 h level was 
5 ug/ml (range 2-8 ug/ml). The mean pre-1600 h 
level was 6 ug/ml (range 3-9 ug/ml). The difference 
between the maximum and minimum peak levels for 
each child range between | and 6 ug/ml. 


Discussion 


This study has shown that choline theophyllinate in 
a dose of either 8 mg/kg per dose daily or 10 mg/kg 
per dose tds will produce 2-hour postdose levels 
within the therapeutic range. However, in both cases 


the pre-0800 h level was outside the therapeutic range 
for most children, as was the pre-1600 h level in the 
tds regimen. It remains to be seen whether this is 
important. 

No child in either study had levels >20 ug/ml or 
any evidence of serious toxicity, but 2 children did 
vomit with blood levels <10 ug/ml and had to be 
withdrawn from the study. We have also confirmed 
the intrasubject variability of theophylline levels in 
response to similar doses and emphasise the desir- 
ability of measurement of blood levels. 


Summary 


Two dosage schedules, 8 mg/kg per dose daily and 
10 mg/kg per dose tds of choline theophyllinate were 
evaluated in asthmatic children. The times of the 
doses were considered the most practical for use 
outside hospital. Theophylline levels were measured 
2 hours after each dose and were satisfactory in both 
schedules. The levels before the first dose of the day 
were, however, unsatisfactory. We emphasise the 
desirability of measuring blood levels in any patient 
receiving a theophylline compound. 
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Computer system for recording and 
display of data from newborn 
infants with respiratory illnesses 


Computers have been extensively used to process 
data from adults with serious illnesses such as 
coronary heart disease (Farr et al., 1972; Hulberman 
et al., 1972; Lewis et al., 1972). Few reports of the 
use of computers in neonatal intensive care units 
have appeared (Clark et al., 1971; Perlstein er al., 
1976). We have used acomputer to record and display 
data from newborn infants with respiratory illnesses. 
The system has been designed to (1) collect brief 
clinical details; (2) collect values for arterial blood- 
gas tensions, acid-base status, and variables relating 
to continuous positive airway pressure (CPAP) and 
mechanical ventilation; and (3) display the respira- 
tory data in graphical form both on television screens 
in the neonatal intensive care unit and on paper, for 
permanent storage in the case notes. We report here 
our experience with this system during a period of 
25 months. 


Methods 


Computer. The computer is a PDP 11/45 machine 
located in the Medical Physics Department of this 
hospital. It is connected by cables to a terminal in 
the neonatal unit. The computer is also used by the 
Departments of Radiotherapy and Nuclear Medicine. 
Special equipment has been designed to allow the 
computer to process data from all three departments 
simultaneously. Technical details have been published 
elsewhere (Clifton ef al., 1976). 

The terminal in the neonatal unit, which consists 
of two television screens (Fig.) and a typewriter 
keyboard, is sited in the centre of the unit, adjacent 
to the blood-gas analyser. 


Data-handling. When an infant is admitted to the 
unit the terminal is activated by pressing a key. A 
succession of questions then appears on one of the 
screens, inquiring about the infant’s case number, 
sex, gestational age, birthweight, and date and time 
of birth. If the infant has been transferred from 
another hospital, data are entered describing events 
during the journey. All the questions are answered 
by a simple keying procedure, for example a ‘Y’ 
means yes and a ‘N’ no. Numerical values such as 
birthweight are typed directly on to the keyboard. 
The data are then displayed for checking. 

When these data have been entered, a list of 
options appears on the screen. If the option for the 
entry of the case history is selected, a list of the 
common diagnoses appears and a shorthand way of 
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entering them is available, for example hyaline 
membrane disease can be keyed as ‘Al’. Unusual 
diagnoses are typed in by name. A similar procedure 
is used for entering x-ray appearance, and whether or 
not the infant is being given total parenteral nutri- 
tion, has a pneumothorax or a coagulation defect, 
is infected, or is being treated with antibiotics. 

Once the basic clinical information has been 
supplied, the main use of the computer is for the 
recording and display of blood gas and other data 
from infants with respiratory illnesses. When 
samples of arterial blood have been analysed, values 
for inspired O, concentration (F,0,), arterial O, 
tension (Pao,), CO, tension (Paco;), pH, and base 
excess are entered, again in response to a series of 
questions posed by the computer. If the equilibration 
method is used for calculating Paco, and base excess 
the computer will automatically do the calculation 
from the Sigaard-Anderson nomogram (Siggard 
Anderson, 1962). 

Information is supplied about whether the infant 
is breathing spontaneously, or being treated by CPAP 
or mechanical ventilation. When CPAP is used, the 
method (endotracheal tube or face mask) and the 
applied pressure, are entered. If the infant is mechani- 
cally ventilated the data include peak airway 
pressure, end-expiratory pressure, respiratory rate, 
and either inspiration-expiration ratio, if the infant's 
ventilation is controlled, or inspiratory time, if 
intermittent mandatory ventilation (Kirby ef al., 
1972) is in use. As when details of the infant’s case 
history are entered, the keying procedure is very 
simple. If any value lies outside the expected range, 
the computer will draw attention to it, and ask for 
confirmation that it is correct. 

When data concerning the infant’s ventilatory 
status have been supplied they are displayed (Table) 
and the computer will then plot the data in graphical 
form on the screens (Fig.). The time axis is adjusted 


Table Details of one entry of mechanical ventilator 
variables, blood gas tensions, and acid-base status, as 
shown on the television screen 

—EEEEE___________ —— —— 


ABC 456 wekket 26/11/76 10:00 
Details of record dated: 26/11/76 at 9:45 (Age 4:15 h) 
Ventilation: F109 0-70 EEP 3 cm HgO 
(ETT) PAP: 21 cm H90 I:B 1: 
Rate: 30/min 
Insp. time: — 
Blood gases: Site: UA Pos 62 mmHG 
pH: TST 
BE: —4-0 Pco,g 39 mmHG 


Are the details above correct? 


LL 
ETT = endotracheal tube; Fi0g = fractional inspired oxygen con- 
centration; EEP = end-expiratory pressure; PAP = peak airway 
pressure; I:E = inspiration:expiration ratio; UA = umbilical artery; 
Po, = arterial oxygen tension; BE = base excess; PCO = arterial 
carbon dioxide tension. 
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SYSTEM AVAILABLE AT 9:38 12/4777 
PRESS -CR TO ACTIVATE. 





(b) 


Fig. The two television screens at the computer terminal. The information displayed from above downwards on the 
upper screen (a) is as follows. The infant's name (deleted here), and age; whether or not mechanical ventilation or 
CPAP are in use; the Ffo, (fractional inspired oxygen concentration); Pao; (arterial oxygen tension); Paco; 
(arterial carbon dioxide tension); and the most recent numerical data. On the lower screen (b) the data are pH; 
BE (base excess); and then variables relating to mechanical ventilation —I:E (inspiration:expiration ratio); peak 
airway pressure; end-expiratory pressure; and respiratory rate. The data are displayed on a common time-axis, in 
this instance 8 days. 


automatically up to a maximum of 30 days, but it 
can, if required, easily be altered by hand. The most 
recent data are retained in numerical form on the 
upper screen (Fig.). Lists of data including all the 
numerical values for blood gases and CPAP or 
mechanical ventilator variables can also be displayed 
at will, and any errors can be removed. 

The terminal will accept for display data from 6 
‘active’ infants at a time. If data from more than this 
number need to be entered, one or more infant’s data 
can be temporarily removed from the display at the 
terminal and stored in the computer ‘library’ for 
later recall and revision. 

When an infant is discharged or dies, final 
diagnoses or post-mortem findings are supplied. The 
data are then permanently stored in the library. 
Graphs of data are printed on paper at the computer 
site in the Medical Physics Department and filed in 
the case notes. Information about infants whose data 
are in the library can be recalled and displayed at the 
terminal by typing the number of the case notes on 
the keyboard. If the computer is not on-line for any 
reason, patient files cannot be revised, and data from 
infants in the library cannot be recalled at the 
terminal, but data from the 6 ‘active’ infants are 
always available for inspection. 


Results 


Infants studied. During the 25-month period, 
November 1974 to December 1976, data from 277 
infants—all those admitted with significant respira- 
tory illnesses—were entered into the computer, 
usually by the medical staff of the neonatal unit. The 
most frequent diagnosis was hyaline membrane 
disease. 


Evaluation of use of computer terminal. Analysis done 
automatically by the computer over a period of 19 
months showed that it was on-line and available for 
the entry of data for 78% of the total time. The 
remaining time was used mainly for further develop- 
ments of the system. During this 19-month period 
data from 187 babies were collected. A total of 4310 
sets of blood gas and related data were entered, 
giving an average of 23 sets for each infant. 

Ten consecutively admitted infants were selected 
for an evaluation of time saving. After performing 
the blood gas analysis, two of us (both clinicians) 
timed, using a stop-watch, how long it took to plot 
the data by hand for the patient’s case notes, and 
how long it took to enter the same data into the 
computer and for graphs to be generated on the 
television screens at the terminal. The entry of 159 
sets of data was timed in this way and it was found 
that the mean time taken to process the data by hand 
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was 2:99+SD 0-80 minutes, versus 1:29--0:42 
minutes, using the computer. This difference is 
significant (P 0-001) and shows a 44% saving of 
time when using the computer. 


Discussion 


During the 25-month period that the computer 
terminal has been in routine use in the neonatal unit 
it has improved the efficiency of the unit. For 
example, trends in the progression of respiratory 
illnesses could easily be seen at all times, and medical 
and nursing staff starting a new shift could be rapidly 
brought up to date by inspecting the data displayed 
at the terminal. The clinical staff of the unit were 
almost entirely responsible for entering the data, 
thus demonstrating that a computer facility of this 
type can be managed without difficulty by clinicians. 
The staff were spared the necessity for writing all the 
blood gas values and related information in each 
infant's case notes and constructing graphs by hand. 
Time saving was clearly shown. 

The terminal has proved valuable for under- 
graduate and postgraduate teaching, since the ways 
in which the respiratory illnesses of infants in the 
unit were being treated could be summarised very 
simply from data on the screens. Since similar data 
from all 277 infants admitted during the 25-month 
period under review were available for recall at the 
terminal, the respiratory management of unusual 
cases—such as hydrops fetalis—could also be shown 
if required. 

The computer has also proved useful for assessing 
the performance of the unit and for clinical research 
purposes. For example, when CPAP and mechanical 
ventilation by face mask had been in use for 9 
months it was possible to obtain from the computer 
a list of treated infants, mean values for the variables 
that we wished to analyse, and the outcome for the 
infants (Allen et al., 1975). More recently, the com- 
puter has been used in the analysis of data from a 
controlled trial of early intervention with CPAP 
(Allen e£ al., 1977). To analyse these data by hand 
would have been extremely time consuming. 

Since the computer system has functioned well, 
and gained acceptance in the unit, we propose to 
enlarge its capability by using it to process additional 
variables, such as continuously recorded arterial 
oxygen tension (Conway et al., 1976), transcutaneous 
oxygen tension (Jolly et al., 1976), and blood pressure. 

We conclude that a computer terminal for the 
display and analysis of data from sick infants in a 
neonatal intensive care unit improves the efficiency 
of the unit, is valuable for teaching and research, and 
should be made available to other units that admit 
large numbers of seriously ill infants, such as regional 
referral centres. 
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Summary 


A computer system has been used for the recording 
and display of data from 277 infants with respiratory 
illnesses consecutively admitted to a neonatal 
intensive care unit during a period of 25 months. 
Improved efficiency of data handling was demon- 
strated, and the system proved valuable for teaching 
and research. 
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Effect of phototherapy on thermal 
environment of the newborn 


The aim of this study was to investigate the effects of 
the radiant energy emitted by phototherapy lights on 
thethermalenvironment of incubator- and cot-nursed 
babies, and to determine whether there were situa- 
tions in which babies might be exposed to adverse 
thermal conditions. 


Materials and method 


The 40 babies included in this study were undergoing 
phototherapy for hyperbilirubinaemia in the neo- 
natal unit of the City Hospital, Nottingham. 
Incubator-nursed babies had a mean birthweight of 
1:94 kg (--0- 15 SEM) and were studied at an average 
age of 4 days. Cot-nursed babies were heavier (mean 
birthweight 3-01 —-0-12 kg) and were studied at an 
average age of 6 days. The jaundice was considered 
to be physiological in all cases, but aggravated by 
prematurity in 13. In a further 3 babies bruising or 
cephalhaematoma was present. Infants with Rhesus 
or ABO incompatibility were not included. 

Phototherapy was administered with either the 
Vickers unit, containing four 58 cm 40 watt tubes, or 
the Air Shields unit, containing eight 58 cm 20 watt 
tubes. Both units were used either 60 cm above the 
mattress of an open cot, or 40 cm above the mattress 
of an incubator. 

Ambient temperatures were measured with thermo- 
couples and recorded by a Cambridge multichannel 
recorder. The room temperature, mattress surface 
temperature, and air temperature 2 cm above the 
mattress were measured continuously. The suitability 
of the operative environmental temperature was 
assessed by measuring the baby's rate of oxygen 
consumption. An open circuit oxygen consumption 
apparatus has been developed that does not require 
moving the baby to a metabolic chamber (Smales, 
1978). 

All measurements were made 14 hours after a feed. 
Incubator air temperature was recorded from the 
thermometer in the canopy of the incubator and an 
allowance made for radiant heat loss according to 
the temperature of the room air (Hey and Mount, 
1967). In 10 babies, nursed naked in incubators, the 
rate of O, consumption was measured after an hour's 
phototherapy. After the following feed phototherapy 
was discontinued and a second measurement of O, 
consumption was made an hour later. Incubator 
temperature varied by less than 0-8°C for each pair 
of measurements. 

In another 20 babies the rate of O, consumption 
was measured after an hour’s phototherapy over an 


open cot. Half the babies were treated with the 
Vickers phototherapy unit and half with the Air 
Shields unit. After the following feed phototherapy 
was discontinued and the babies were dressed in a 
nappy and nightshirt and covered with a blanket. The 
rate of O, consumption was measured again an hour 
later. 

In a further 10 babies the effect of covering a cot 
during phototherapy was studied. O+» consumption 
was first recorded after an hour’s phototherapy 
without the perspex cover in position, and after the 
next feed phototherapy was continued with the 
cover in place and oxygen consumption measured 
an hour later. Both phototherapy units were included 
in the group. 


Results 


The Vickers 59 and 79 incubators have a temperature 
gradient of 0-8°C between the warmest point recorded 
by the thermometer in the canopy and the coolest 
point at the surface of the mattress. Both photo- 
therapy units removed or reversed this gradient and 
within 2 hours they had also caused a rise of an 
average 1-8°C in the room temperature. The use of 
the phototherapy lamps reduced the rate of O, 
consumption of the infants nursed in incubators from 
7-8-+1-0 ml O,/kg per min (mean 4- SE) to 6:9-4-0:8 
ml O,/kg per min. Using Wilcoxon's Matched Pair 
Signed Ranks test, (Wilcoxon, 1945) this was sig- 
nificant at the P —0-005 level. 

The use of the Air Shields phototherapy unit over 
a cot raised the temperature of the surface of the 
mattress in 2 hours by an average of 4-6°C. The air 
temperature 2 cm above the mattress rose on 
average 2-5°C. The temperature changes produced 
by the Vickers unit were in the same direction but 
slightly smaller. 

The rate of O, consumption of babies dressed and 
covered by a blanket in the cot was 7:12-0-8 ml 
O./kg per min. When they were placed naked under 
the Air Shields phototherapy lamp, their rates of O, 
consumption increased to 8:0 1:2 ml O./kg per min 
(P<0-01). The rise was also significant when the 
Vickers unit was used (P<0-005). This effect was 
reduced by using a transparent perspex cot cover. 
The rate of O, consumption of babies nursed under 
the cover was 7:8--0-7 ml O,/kg per min, which was 
significantly less than that found when the cover was 
not used (8:5-- 1:4 ml O;/kg per min; P —0-01). 


Discussion 
The fluorescent tubes used in phototherapy units 


emit a wide spectrum of radiant energy. The photo- 
oxidation of bilirubin involves energy in the 440-470 
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nm waveband with the peak effect in the blue part of 
the visual spectrum. Although this is transmitted 
freely by the perspex of incubators, wavelengths 
greater than 650 nm, in the infrared spectrum, are 
partly absorbed and result in an increase in surface 
temperature. Some energy is transmitted and 
increases the baby's surface temperature (Wu and 
Berdahl, 1974). An increase in skin blood flow under 
these conditions has been considered to be a response 
to facilitate evaporative heat loss (Oh er al., 1973). 
This, in association with an increase in respiratory 
rate, is the basis of the high insensible water loss 
noted in babies receiving phototherapy in incubators 
(Oh and Karecki, 1972). 

The rise in temperature recorded at the mattress 
surface in both incubators and cots confirms that 
phototherapy units do emit significant radiant heat. 
Although incubator air temperature remains stable, 
the additional radiant heat increases the ‘operative’ 
environmental temperature. The fall in O; consump- 
tion recorded during phototherapy suggests that the 
original incubator temperature was below the 
thermoneutral temperature. If higher incubator 
temperature is used, phototherapy may result 
in the baby becoming overheated. A reduction in 
incubator air temperature should be made if opera- 
tive environmental temperature is to remain constant. 

When a phototherapy unit is used over an open 
cot the radiant heat output only partly compensates 
for the loss of insulation possessed by normally 
wrapped babies. The rise in O; consumption recorded 
with both phototherapy units indicates à small but 
significant metabolic response to cooling. If photo- 
therapy is carried out at room temperatures below 
25 28'C a larger response would be expected and this 
may have adverse clinical implications. The value of 
a perspex cover during phototherapy has been 
clearly shown. 


Summary 


Oxygen consumption was studied in 40 newborn 
babies undergoing phototherapy for hyperbilirubin- 
aemia, both when enclosed within an incubator or 
nursed in an open cot. Exposure to phototherapy 
caused a rise in temperature at the mattress surface. 
This could result in overheating a baby nursed in an 
incubator, but by contrast is likely only partially to 
compensate for the loss of insulation of an unclothed 
baby in an open cot. 


I thank Professor D. Hull for advice, and Dr N. 
Rutter for providing additional data. 
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Severe arrhythmias in 
Coxsackievirus B3 myopericarditis 


Proven viral myopericarditis only rarely presents with 
life-threatening arrhythmias. This report describes 
the first such case with serological evidence of recent 
Coxsackievirus B3 infection. 


Case report 


A previously healthy 12-year-old girl was admitted to 
hospital on 6 September 1976 with a 4-day history of 
sore throat, shivering, malaise, occasional vomiting, 
and with ‘fainting attacks’ on the 2 preceding days. 
On examination she was apyrexial, blood pressure 
100/90 mmHg, pulse 80 beats/min. There were no 
cardiac murmurs, no pericardial rub, and no signs of 
cardiac failure. She had slight neck stiffness. A few 
hours after admission she had a cardiac arrest. 
After resuscitation, chest x-ray showed marked 
cardiomegaly. Subsequently, multifocal ventricular 
ectopic beats occurred which were resistant to 
lignocaine and to mexiletine. 

During the next 36 hours ventricular fibrillation 
occurred on 14 occasions. Each time it was terminated 
by DC defibrillation (100-200 J) but was followed by 
severe bradycardia (<30 beats/min) which only 
partially responded to atropine 0-6 mg IV. On 9 
September she became breathless and was oliguric, 
blood urea had risen to 23 mmol/l (138-6 mg/100 ml; 
see Table), and chest x-ray showed pulmonary 
oedema. At this stage she was transferred to this 
hospital. On examination blood pressure was 100/60 
mmHg, pulse 60 beats/min (see ECG, Fig.), jugular 
venous pressure raised 4 cm, liver enlarged 3 cm. A 
bipolar endocardial pacing catheter was introduced 
via the left antecubital fossa and ‘on demand’ pacing 
was started at 90 beats/min. She was given digoxin 


Table Results of clinical chemistry 


ee 


Date: September 
Investigation 
(normal max) 6 7 9 10 14 23 





Blood urea 13-2 18-6 23-0 11:2 9.5 39 
(2-7-7-5 mmol/l) 

Alananine 
aminotransferase 
(100—500 nkat/I) 

Aspartate 
aminotransferase 
(75-400 nkat/l) 

Glutamin 
oxalotransferase 
(9-19 [U/l 

Glutamic 
phosphorotransferase 687 
(5-17 IU/1) 

Creatine kinase 133 11 12 
(0-117 IU/I) 

Lactic dehydrogenase 
(115—457 IU/I) 

Alkaline phosphatase 75 100 117 
(25-103 IU/I) 

Bilirubin 7 13 18 
(0-22 mol/l) 


ee 


Conversion: SI to traditional units—Blood urea: 1 mmol/l — 6-02 
mg/100 ml. Bilirubin: 1 pmol/l zz 0-06 mg/100 ml. 


2562 4987 7185 
8000 7935 6000 


226 68 10 


0-125 mg/day, phenytoin 50 mg three times a day, 
prednisolone 20 mg per day, and frusemide 40 mg IV 
immediately. A urinary catheter was inserted. 


Progress. Ventricular fibrillation did not recur and 
urinary output was satisfactory. By 14 September 
lung fields were radiologically normal and cardiac 
size was decreasing. On the 17th, paroxysmal atrial 
fibrillation occurred with a ventricular rate of 130/ 
min. Phenytoin was stopped and Kinidin durules 1 
bd started. Pulse rate was easily controlled and she 
was gradually mobilised. The pacemaker electrode 
was removed on the 23rd. She was discharged on 4 
October taking digoxin 0-125 mg/day and Kinidin 
durules 1 bd. Digoxin was stopped one month later. 
She was seen in the outpatient clinic on 3 December; 
there were no abnormal physical signs but she 
complained of breathlessness, for example, when 
climbing stairs. Chest x-ray was normal; ECG is 
shown in the Fig. 


Investigations. Results of clinical chemistry are shown 
in the Table and ECGs in the Fig. Hb 12 g/dl; white 
cell count 15-6 x 109/1. ESR 4 mm in the first hour 
(Westergren). On 20 October echocardiography 
showed a small pericardial effusion. 


Viral studies. On 9 September Coxsackievirus B3 
neutralisation titre 32, and on the 21st, 512. Attempts 
to isolate the virus from stools and throat washings 
were unsuccessful. 
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Fig. Pero (A) Immediately before endocardial pacing. Junctional (nodal) bradycardia—P waves can be 
seen deforming S-T segments in S4. Right bundle branch block and left posterior hemiblock (QRS axis approximately 
-+ 140°). (B) Next day. Changes in V-V; very suggestive of septal myocardial infarction. (C) 2 months after discharge 
from hospital. Rhythm: junctional or Ist degree A-V block. P waves visible at end of T wave in V,. P-R interval 340 ms. 
Right bundle branch block and left posterior hemiblock still present. 
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Chest x-rays. On 9 September showed cardiomegaly, 
globular heart, changes in lung fields suggesting 
cardiac failure. On 16 September cardiomegaly, lung 
fields clear. On 5 November heart size at upper limit 
of normal. 


Discussion 


This patient had features of acute myopericarditis 
coexistent with evidence of Coxsackievirus B3 
infection. This association has previously been 
described but several features of this case are unusual. 

Patients with viral myopericarditis usually present 
with chest pain or dyspnoea and have clinical features 
caused by pericarditis, pericardial effusion, or cardiac 
failure secondary to myocarditis. In contrast, this 
patient presented with syncope—in retrospect Stokes- 
Adams attacks—and the clinical course was domi- 
nated by life-threatening arrhythmias. This resembles 
in some respects the description by Lim et al. (1975) 
of 10 patients with myocarditis, although with the 
exception of one case associated with adenovirus 
infection they were unable to prove a viral aetiology. 
All their patients were young, and most were female. 
They presented with syncope and heart block 
requiring temporary endocardial pacing in 9 cases. 
However, ventricular fibrillation was not a major 
problem in these patients; it occurred in only one 
case and another had ventricular tachycardia. With 
the exception of one patient with persistent heart 
block all recovered fully. 

Bradycardia, usually sinus, is common in viral 
myocarditis especially when caused by influenza 
(Verel et al., 1976). Atrioventricular block has also 
been described. Isolated case reports have docu- 
mented the use of temporary endocardial pacing in 
myocarditis caused by 3 viruses: mumps (Thompson 
and Nolan, 1966), Coxsackievirus B2 (Gould ef al., 
1972), and adenovirus (Lim eż al., 1975)—and other 
clinically similar cases have been described which 
lacked evidence of a viral aetiology. Junctional 
(nodal) bradycardia, which caused the patient's slow 
heart rate, seems to be uncommon in viral myoperi- 
carditis. The intraventricular conduction defect was 
also unusual; right bundle branch block with left 
posterior hemiblock has only twice been described in 
suspected viral myopericarditis (Forfang and Lippe- 
stad, 1974; Lim et al., 1975). The present case is the 
first in which a virus has been identified. 

The reported incidence of raised serum enzyme 
levels in viral myopericarditis varies from 14% 
(Smith, 1970) to 64% (Sainani et al., 1968) and is 
usually slight. In this patient the levels were markedly 
raised. The cause of raised serum enzyme levels in 
myopericarditis is disputed; it is usually attributed to 
myocardial damage or to hepatic congestion (Colt- 


man, 1962). An additional factor in this case was 
repeated DC defibrillation. However, the presence of 
a marked rise in enzyme levels in the first blood 
sample (before defibrillation) and the absence of any 
additional evidence of liver dysfunction suggests that 
in this case extensive myocardial damage was the 
major source of the enzymes. 
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Improved tube for nasojejunal 
feeding in low birthweight infants 


In the last few years nasojejunal infusion of milk 
formulas has been widely used for the feeding of 
low birthweight infants. The techniques of trans- 
pyloric intubation previously described are those of 
Rhea and Kilby (1970) and Cheek and Staub (1973). 
Besides the enthusiastic experiences of many, 
difficulties and complications relating to both 
methods of intubation have been encountered 
(Boros and Reynolds, 1974; Chen and Wong, 1974; 
Van Callie and Powell, 1975). Modifications of the 
original methods have been made by Rhea et al. 
(1973) and Loo et al. (1974). We describe a simple 
and improved tube for nasojejunal feeding by which 
we have successfully fed 47 infants with weights 
below 2000 g. 


Methods 


Transpyloric intubation was carried out by means of 
a silicone rubber tube 0-76 x 1-65 mm (Silastic Dow- 


Corning) provided with a hollow olive-shaped 
stainless steel or gold plug fitted into the tip of the 
tube. Attempts to intubate patients with a silicone 
rubber tube without the plug were often unsuccessful. 

A small plug 3 mm in length, 2:5 mm in outside 
diameter, and with a central canal 0-7 mm diameter, 
was used for infants below 1500 g. A larger plug 4 mm 
in length, 3 mm in outside diameter, and with a 
central canal of 0-8 mm, was used for those above 
1500 g (Fig. 1). 





Fig. 1 Stainless steel plug 3 mm in length, 2:5 mm in 
outside diameter and with a central canal 0: 7 mm diameter. 


To incorporate the plug into the distal end of the 
tube the plug was threaded on to a stylet (Fig. 2A) 
and the silicone rubber tube gently slid on to the 
stylet and then on to the plug (Fig. 2B), after which 
the stylet was removed (Fig. 2C). The tube was 
inserted into the jejunum as described by Cheek and 
Staub (1973). 

A standard formula was infused by a perfusion 
pump at 50 ml/kg on the first day and, after the tube 
had reached the jejunum, it was gradually increased 
until the desired daily caloric intake was attained 
(130-150 cal/kg). 


Results 


Twenty-two infants — 1500 g and 25 infants between 
1500 and 2000 g were intubated in the first 6 hours of 
life with this tube. None showed respiratory distress 
requiring assisted ventilation. Total time for success- 
ful tube placement varied from 1 to 24 hours, when 
the stainless steel plug was used, and from 1 to 10 
hours when the heavier gold plug was used. Plug 
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placement was confirmed when bile was aspirated 
from the tube, or in some cases was checked radio- 
logically. 

No difficulties were encountered when the small 
plug was used. In 5 infants between 1520 and 1650 g, 
the larger plug failed to pass through the nose; the 
infants were then intubated successfully with the 
small plug. No complications relating to the naso- 
jejunal tube were observed. The average duration of 
nasojejunal feeding was 31 days (8-47 days). The 
weight gain was in all infants better than that of 
infants fed conventionally. 


Discussion 


The nasojejunal tube eliminates many difficulties 
encountered with the techniques reported by Rhea 
and Kilby (1970), and Cheek and Staub (1973). It has 
the following advantages. (1) It is firm and there are 
no lateral holes in proximity to the plug so that it can 
be easily introduced through the nose without the 
use of a catheter, even in very small infants. (2) Being 
silicone, it can remain in the intestine for many 
weeks without changes in consistency, and without 
danger of perforation or intussusception. (3) The 
plug is fitted into the tip of the tube, so that there is 
no direct contact between the plug and the intestinal 
wall. (4) Milk is perfused through a bored plug, so 
that there is no dead-space haven for food or bacteria 
at the distal end of the tube, as in blind-ended tubes 
commonly used. 


Summary 


A simple tube for nasojejunal feeding is described. 
22 infants with birthweight — 1500 g and 25 infants 
1500-2000 g were fed during the first weeks of life. 
The tube eliminates many of the difficulties previously 
encountered with nasojejunal feeding. 
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Fig.2 To incorporate 
the plug into the distal 
end of the tube, the plug 
is threaded on to a stylet 
(A) and the silicone 
rubber tube gently slid 
on the stylet and then 
on to the plug (B), after 
which the stylet is 
removed (C). 
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Tubular duplication of the bowel 


Use of technetium 99" pertechnetate 
in diagnosis 


Technetium 99m (99mTc) pertechnetate scanning has 
been of value in the identification of Meckel's 
diverticulum and cystic duplication of the bowel. 
Heterotopic gastric mucosa may also be present in 
tubular duplication of the bowel (Rodgers and 
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Youssef, 1975; Schwesinger et al., 1975), but the 
preoperative diagnosis of this lesion by 99mTc 
pertechnetate scanning has not been reported. 


Case report 


A 4-year-old boy was admitted with a 3-week history 
of intermittent severe colicky abdominal pain. He had 
been otherwise well except that at age 2 he had had a 
single episode of abdominal pain and melaena. On 
examination there was slight abdominal distension. 
The rectum contained firm black stool; he appeared 
anaemic. X-rays of the abdomen showed nonspecific 
air-filled levels in the area of the right colon. Sub- 
sequent barium contrast studies of the oesophagus, 
stomach, and small bowel were normal. 

?9?"Tc pertechnetate scans at 2, 10, and 15 minutes 
showed increased activity in the area of the terminal 
ileum which paralleled gastric activity (Fig.). The 
findings were not characteristic of a Meckel's 
diverticulum, nor of a cystic duplication of the bowel. 

Surgical resection was delayed to allow correction 
of anaemia with oral iron therapy, but 2 weeks later 
recurrence of symptoms necessitated exploration. 
50cm proximal to the ileocaecal valve, a 52cm 
tubular duplication of the small bowel was identified. 
The proximal end originated at the base of the 
mesentery, adjacent to the duodenum, and terminated 
in the ileum, sharing a common ileal wall for 20 cm. 





15 min 


Fig. Preoperative technetium 99» pertechnetate scans showing diffuse activity in the duplicated bowel which increased 


in step with the gastric activity. 


Peptic perforation of the duplication had occurred at 
both ends. There was a small communication be- 
tween the duplicated bowel and ileum. The lesion 
and adjacent bowel were excised without difficulty 
and the child recovered uneventfully. 


Discussion 


The use of 9°™Tc pertechnetate to aid in the diagnosis 
of Meckel’s diverticula has become accepted practice 
(Rodgers and Youssef, 1975). Its usefulness in 2 
cases of cystic duplications of the bowel has also been 
reported recently (Schwesinger ef al., 1975). 

Tubular duplications of the bowel account for only 
10% of enteric duplications (Daudet et al., 1967). The 
condition may present with poorly localised recurrent 
abdominal pain, gastrointestinal bleeding, anaemia, 
gastrointestinal obstruction, or as an intrathoracic 
mass (Gross et al., 1952). Tubular intestinal duplica- 
tions are rarely palpable or visualised with barium 
contrast studies; hence preoperative diagnosis is 
infrequent (Sieber, 1956; Rios-Dalenz et al., 1965). 
Heterotopic gastric mucosa may be present similar to 
that found in Meckel’s diverticula. Daudet et al. 
(1967) reported 14 of 44 tubular duplications to have 
gastric epithelium. Gastric acid secretion and ulcera- 
tion may result in pain and bleeding from the 
adjacent intestinal mucosa, in a manner strikingly 
similar to that associated with Meckel’s diverticula. 

99mTc pertechnetate is secreted by the surface 
gastric epithelial cells (Berquist et al., 1975), is easily 
administered, has a short half-life (6 hours), and 
emits only gamma irradiation (Rodgers and Youssef, 
1975). The scan is similar to that associated with 
Meckel’s diverticula or cystic intestinal duplications 
in that the activity increases in step with increasing 
gastric activity. On the other hand, the scan obtained 
with tubular intestinal duplications differs from that 
obtained with Meckel’s diverticula and cystic 
intestinal duplications in the diffuseness of the 
activity. There is a generalised increase in activity 
along the duplication rather than increased activity 
in an isolated area. ‘False positive’ scans include 
intussusception, Crohn’s disease, meningomyelocele, 
ureteral obstruction, solitary kidney, bowel haeman- 
gioma, and aortic aneurysm (Rodgers and Youssef, 
1975). 


Summary 


Preoperative identification of tubular duplication of 
the bowel is possible by the use of technetium 99m 
pertechnetate if gastric mucosa is present within the 
duplicated bowel. A case of a 4-year-old boy with 
abdominal pain is described. The scan showed 
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diffuse activity which increased in step with gastric 
activity. 


We thank Dr John Lilly for help in the preparation 
of this manuscript. 


References 


Berquist, T. H., Nolan, N. G., Stephens, D. H., and Carlson, 
H. C. (1975). Radioisotope scintigraphy in diagnosis of 
Barrett's esophagus. American Journal of Roentgenology, 
Radiation Therapy, and Nuclear Medicine, 123, 401-411. 

Daudet, M., Chappuis, J. P., and Daudet, N. (1967). Sym- 
posium consacré aux duplications intestinales. Annales de 
Chirurgie Infantile, 8, 5-80. 

Gross, R. E., Holcomb, G. W., and Farber, S. (1952). 
Duplications of the alimentary tract. Pediatrics, 9, 449-468. 

Rios-Dalenz, J. L., Kress, J. W., and Montgomery, L G, 
(1965). Duplication of small intestine with perforated 
peptic ulcer in ectopic gastric mucosa. Archives of Surgery, 
91, 863—866. 

Rodgers, B. M., and Youssef, S. (1975). *False positive' scan 
for Meckel diverticulum. Journal of Pediatrics, 87, 239—240. 

Schwesinger, W. H., Croom, R. D., and Habibian, M. R. 
(1975). Diagnosis of an enteric duplication with pertech- 
netate 99? Tc scanning. Annals of Surgery, 181, 428—430. 

Sieber, W. K. (1956). Alimentary tract duplications. Archives 
of Surgery, 73, 383-392. 


Davip C. HircH, BARRY SHANDLING, 

and Davip L. GILDAY 

Division of General Surgery and Nuclear Medicine, 
Hospital for Sick Children, Toronto, Canada. 


Correspondence to Dr D. C. Hitch, University of Colorado 
Medical Center, Department of Surgery, 4200 East Ninth 
Ave., C-314, Denver, Colorado 80262, USA. 


Acute neonatal and benign 
citrullinaemia in one sibship 


Acute neonatal and benign citrullinaemia—— 

The spectrum of clinical presentation in citrullin- 
aemia (argininosuccinic acid synthetase deficiency, 
Fig.) is wide, ranging from a rapidly fatal course in 
the neonatal period to normal or near normal 
development (Wick et al., 1973). It has generally been 
assumed that ammonia occupies the key position in 
the pathogenetic process, the extent of the enzymatic 
impairment determining the frequency and severity 
of hyperammonaemic episodes and hence the 
prognosis. As in many inborn errors of metabolism 
the picture is complicated by genetic heterogeneity 
(Kennaway et al., 1975). We report here on a family 
with 2 affected sibs, of whom one had the disease in 
the acute neonatal form while the development of the 
other has been essentially normal up to the age of 
7 years. 
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/ Metabolic block 
in citrullinuria 


‘ 


Citrulline 


Ammonia Carbamyl phosphate 
Ornithine 


Urea 


Arginine 


Case reports 


Case 1. A female infant born in hospital at term by 
normal delivery after an uneventful pregnancy, 
birthweight 3280 g and Apgar score of 7. She was 
discharged at 48 hours taking bottle feeds. On the 
sixth day grunting respiration, reluctance to feed, 
and a generalised rash prompted admission to 
hospital. On arrival she was unrousable, hypertonic, 
and opisthotonic, with normal fontanelle tension and 
absent reflexes, and had generalised skin mottling. 
The only other abnormal findings were grunting 
respirations and abdominal distension. 

A presumptive diagnosis of septicaemia possibly 
with meningitis was made, and treatment started 
with dextrose-saline infusion, ampicillin, gentamicin, 
and diazepam. Examination of the CSF , blood count, 
serum electrolytes, and routine urine tests were 
normal. 

During the following 24 hours the baby had 
periods of apnoea and cyanosis, developed urinary 
retention and hypotonia, and died 36 hours after 
admission. Necropsy 3 hours later showed diffuse 
pulmonary haemorrhage as the only noteworthy 
pathological finding. The brain was unfortunately 
not preserved for study. Reports received after death 
showed Staphylococcus albus in the blood cultures 
and a high level of citrulline in the urine. 


Case 2. The first-born child of the same parents. 
When first seen at age 5} years he had always been 


Table Biochemical findings in a family with citrullinaemia 


Plasma (mmol/l) 


Citrulline Glutamine 
è è . £9? e 
Consoli f" 01-0-05 0-52-0- 69 
Father 0-045 
Mother 0-085 
Case 1 — 
Case 2 
Age 5 yr 2:3 -62 
Age 7 yr in hospital 2-0 1-16 


*Age 0-4 weeks; tage 6 months-10 years. ASA = argininosuccinic acid. 





Fig. The Krebs urea cycle 
(simplified). 


Argininosuccinate 


Fumarate 


well apart from infantile eczema and tonsillitis. 
Examination showed a small, thin boy: weight at the 
3-lOth centile, height at 3rd centile, and head 
circumference 50th centile. The hair was normal. At 
first, progress at a normal primary school was 
satisfactory, but at age 7 years he was considered 
immature and lacking in concentration. On formal 
psychological assessment his IQ was 94 on the 
Wechsler Intelligence scale for children (WISC, 
verbal scale 90, performance scale 100). Electro- 
encephalogram showed a nonspecific generalised 
abnormality. 

At age 7 years 4 months he presented with a 
48-hour history of drowsiness, confusion, and 
ataxia. No signs of infection were found and within 
a short time of receiving 5% dextrose by infusion, he 
had fully recovered. His mother thought he had had 
two milder but similar episodes, one of which had 
followed tonsilitis. 

His urine contained a large quantity of orotic acid 
and his serum glutamine level was high (Table). An 
electroencephalogram was regarded as normal. 
Future management will be a low protein diet, 
monitoring of the urinary orotic acid, and possibly 
arginine supplements. 


Methods 


Amino acids were assayed by ion-exchange chroma- 
tography using a Locarte amino acid analyser and 
sodium acetate buffers including the precautions 


Skin fibroblasts 
ASA synthetase 
(umol/h per g protein) 


Urine (mol/mol creatinine) 


Citrulline Orotic acid 
0-0-1 *1- 5-5-0 x 10-8 
t0: 5-3-5 x 10-3 76, 116 

e — 53 

— — 46 
11-3 3-9 x 1073 TAM 

12 
3-5 7:4 x 1073 
5.7 90 x 1073 


Conversion: SI to traditional units—Citrulline: 1 mmol/l zz 17-5 mg/100 ml. Glutamine: 1 mmol/l AY 14-6 mg/100 ml. 


outlined by Palmer et al. (1974). Orotic acid was 
estimated by a modification of the method of Rogers 
and Porter (1968). Standard cultures of skin fibro- 
blasts were grown in a medium consisting of 77:5% 
TC medium 199, 20% newborn calf serum, and 2:5% 
chicken embryo extract. Cell harvesting for enzyme 
assays was carried out after the third passage of all 
cell lines. Argininosuccinate synthetase was assayed 
by a radiochemical procedure using the substrate 
mixture for liver (Levin, 1971) to which had been 
added ureido 14C citrulline, 0-2 wCi/ml. The urea 
formed was separated by paper chromatography and 
its radioactivity measured. 


Results 


The single specimen of urine collected from Case 1 by 
catheterisation during a period of oliguria, showed 
after chromatography a large excess of citrulline with 
high levels also of glutamine. Otherwise the amino 
acid pattern showed no significant abnormalities. The 
urine glutamine level was 7:3 mol per mol creatinine; 
the normal ratio for infants of 2 days to 3 months is 
0-1 to 0-5. Urine urea was 58 mmol/l (0-35 g/100 ml). 
No positive identification could be made of any 
pyrimidine metabolites. Apart from an intense 
citrulline peak, the urine amino acid pattern for 
Case 2 was normal. When seen at the age of 5 years 
his plasma citrulline level was 100 times normal, 
other amino acids were within the normal range and 
the excretion of orotic acid was only slightly raised 
(Table). Blood urea was 5:0 mmol/l (30 mg/100 ml); 
urine urea 450 mmol/l (2:7 g/100 ml). In contrast, 
during a hyperammonaemic episode at the age of 7, 
both the plasma glutamine and orotic acid excretion 
were greatly increased despite little alteration in his 
citrulline level (Table). N-acetyl citrulline was 
detected in the urine of both cases. 


Discussion 


The urine amino acid pattern for Case 1 was typical 
of citrullinaemia. The greatly increased urinary 
excretion of glutamine probably reflects detoxication 
of ammonia. On the other hand, the normal level of 
orotic acid suggests that in this case there was no 
excess of carbamyl phosphate and therefore most 
likely no uncompensated hyperammonaemia. Roer- 
dink et al. (1973) described a rapidly fatal case with 
high plasma citrulline and high urinary glutamine but 
normal blood ammonia. Ammonia intoxication thus 
appears to be a sufficient but not a necessary factor 
in the precipitation of neonatal crises in citrullinae- 
mia. Though high levels of plasma citrulline may be 
toxic particularly in the neonate, the history of Case2 
confirms that they may also be compatible with 
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normal intellectual development. Hyperammonaemic 
crises triggered by infections or other stress are still 
liable to occur in citrullinaemia (Thoene et al., 1977) 
as in other disorders of the Krebs urea cycle. 

The comparatively high enzyme activity found in 
the fibroblasts of Case 2 might indicate a variant 
form of citrullinaemia, and Case 1 was presumably 
affected by the same mutation. Studies of the kinetics 
of the affected enzyme, of levels of other enzymes of 
the urea cycle, and of unaffected reference enzymes 
will be necessary to establish this point. In most 
recorded cases enzyme levels have ranged from non- 
detectable to 3 or 4% of control values (Roerdink et 
al., 1973; Kennaway et al., 1975; Thoene et al., 1977), 
up to 20% in two Swiss patients (Wick et al., 1973). 
A level of 30% normal has been reported in an older 
child less severely affected (Matsuda et al., 1976). 

Case 2 had a normal plasma arginine level of 
0-075 mmol/l (1*3 mg/100 ml). Normal levels have 
been reported in other less severely affected cases 
(Case 3, Wick et al., 1973; Matsuda et al., 1976) in 
contrast to those found in the fatal neonatal form 
(Case 2, Wick et al., 1973; Roerdink et al., 1973; 
Thoene et al., 1977). Obviously the lower the enzyme 
activity, the greater the dependence upon exogenous 
arginine and the less the chance of survival. Even 
comparatively high enzyme levels may not afford 
adequate protection, particularly in the neonatal 
period if adverse environmental factors supervene. A 
wide spectrum of clinical manifestations even within 
the same sibship should not be altogether unexpected. 


Summary 


Citrullinaemia was diagnosed in an infant who died 
at age 8 days. The clinical picture was of the disease 
in its acute neonatal form. A sib has a blood citrulline 
of 100 times normal and about 10% of normal argi- 
ninosuccinic acid synthetase activity in cultured 
fibroblasts. Clinically he is normal with an IQ of 94 
on the Wechsler Intelligence Scale for Children. 


We thank Dr J. Foley for EEG investigations, Mr 
L. J. Butler for skin fibroblast cultures, and Miss S. 
Perry for the psychological assessment. 
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Sources of error in estimation of 
glomerular filtration rate from plasma 


creatinine concentration in children 

Sir, 

Counahan et al. (1976) introduced a new simple method 
of estimating glomerular filtration rate (GFR) by means 
of plasma creatinine concentration (Pc) and body height 
(Ht) using formula GFR (ml/min per 1-73 m?) —0-43 Ht 
(cm)/Pc (mg/100 ml). Recently Szelid and Méhes (1977) 
showed in a large group of children without renal disease 
that the conventional 24-hour creatinine clearance 
correlates well with the GFR estimated by the Ht/Pe 
method. However the usefulness of the latter method 
demands that Pe be stable and that creatinine production 
be within normal limits, so that Pe reflects only the 
excretory function of the kidneys. 

Congenital nephrotic syndrome of Finnish type (CNF) is 
characterised by massive proteinuria, poor somatic growth, 
and slow deterioration of renal function (Hallman et al., 
1973; Huttunen, 1977). On account of the decreased 
muscular mass in proportion to body weight, creatinine 
production and consequently P, of patients with CNF is 
low. 

We have compared the GFR estimated by the Ht/Pe 
method with the 24-hour endogenous creatinine clearance 
(24-hour Ce) in 61 measurements of 15 CNF children 
under the age of 2 years, and in 67 children and young 
adults with acquired renal disease aged from 9 months to 
20 years. Plasma and urinary creatinine were determined 
as true creatinine after absorption of noncreatinine 
chromogens by Lloyd's reagent (Henry ef al., 1974). The 
results are shown in the Fig. The correlation between the 
two methods is satisfactory in both groups, but in CNF 
children the mean of the 24-hour Ce is 17:3 ml/min per 
1:73 m* /ower than that of the GFR estimated by the 
Ht/Pc method; while in the children with acquired renal 
disease the 24-hour Ce is 8:2 ml/min per 1:73 m? higher 
than the result from the Ht/P. method on average. The 
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mean of Pc in CNF children was 0:41 mg/100 ml (36:2 
pmol/l) with a range of 0- 16-1: 84 mg/100 ml (14-1—162- 7 
umol/I), and that of the children with acquired renal 
disease 0:69 mg/100 ml (61 ,mol/I) with a range of 
0-26-7-40 mg/100 ml (23-654 pmol/l). The 24-hour 
urinary excretion of creatinine per kg body weight of 
CNF children was 8:6-2-2:5 mg and that of the children 
with acquired renal disease 16:5--4-1 mg; the difference 
between the two groups is significant at the level of 
P —0-001. 

Creatinine is to some extent excreted by the renal 
tubular cells (Arant et al., 1972). Thus somewhat higher 
values are expected from the conventional 24-hour C 
than from the Ht/Pc method in children with normal 
creatinine. production. On the other hand, in CNF 
children with low creatinine production the Ht/P. method 
obviously overestimates the true GFR, and in this peculiar 
situation the conventional creatinine clearance is more 
accurate than the Ht/Pc method in the estimation of GFR. 
No doubt the Ht/P. method is reliable and generally 
suitable to clinical work, but it must be remembered that 
it gives false results when Pe is not in equilibrium or when 
the endogenous creatinine production is low. 
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Fig. Correlation between 24-hour endogenous creatinine clearance (24-h Cc) and glomerular filtration rate 
estimated by the body height-plasma creatinine concentration method (Ht|P¢) in children with congenital nephrotic 
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Nystatin resistance in thrush 


Sir, 
Dr R. F. Jennison, in his useful review of thrush in 
infancy (Archives, 1977, 52, 747), did not mention the 
occurrence of nystatin resistance. In a recent case I was so 
impressed by the failure of nystatin, applied by an intelli- 
gent mother, to clear the perineal and oral thrush that I 
sent the baby with his thrush to the laboratory at the 
Sheffield Children’s Hospital to have a culture made. 
There was a growth of Candida albicans resistant to 
nystatin (MIC 100 U/ml), but sensitive to amphotericin B 
(MIC —0:2 pg/ml). The thrush cleared promptly with 
amphotericin. 
R. S. ILLINGWORTH 
8 Harley Road, Sheffield S11 9SD. 


European Congress of Obstetric 


Anaesthesia and Analgesia 

Sir, 

It is intended to hold the first of what is hoped will 
become a sequence of congresses of this type at the 


National Exhibition Centre, Birmingham, England, in 
September 1979. The programme of the congress is 


designed to be of interest to anaesthetists, midwives, 
obstetricians, and paediatricians. Its major objective is to 
provide a forum whereby representatives of these speciali- 
ties can discuss problems of mutual interest in respect to 
standards of safety and effectiveness of clinical practice, 
training, and staffing. 

The congress will last for 4 days, and the general titles 
of the topics to be discussed are: (i) pain relief during 
labour; (ii) identification of, and supportive therapy for, 
the fetus at risk; (iii) anaesthesia for operative delivery; 
(iv) neonatal resuscitation; (v) intensive care of the 
seriously ill neonate; (vi) intensive care of the seriously 
ill parturient. 

The meetings are being devised in such a way as to 
encourage the active participation of all delegates in th 
discussions which will follow each formal presentation. 
The prepared papers will be presented by anaesthetists, 
midwives, obstetricians, and paediatricians who are 
currently in practice in Europe. Simultaneous translation 
into English, French, and German will be available. A 
large trade exhibition will be sited within the congress 
hall, which will be of interest to all delegates. There will 
also be a full calendar of social events each day for 
delegates’ nonparticipating companions and each evening 
for the entire company. 

More detailed announcements will be forthcoming 
during the next few months. This preliminary notification 
is to enable interested readers to make a note of the dates 
(probably 18-21 September 1979) and, if they so wish, to 
write to me personally to request advance notice of the 
details of registration. 

J. SELWYN CRAWFORD 

Chairman, Organising Committee, ECOAA 
The Birmingham Maternity Hospital, 
Queen Elizabeth Medical Centre, Edgbaston, 
Birmingham B15 2TG. 
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Book reviews 


The Child with Spina Bifida. By Elizabeth 
M. Anderson and Bernie Spain. (Pp. 
352; illustrated + tables. £7.50 hard- 
back; £4.95 paperback.) Methuen: 
London. 1977. 


Professionals from widely varying disci- 
plines will welcome this clearly and 
sympathetically written book which brings 
together the major research findings on 
the emotional, social, and educational 
problems of children with spina bifida. 
Many parents, too, will find it a source of 
much-needed information. After an 
account of the medical and physical 
aspects of the condition, the authors, who 
are research psychologists with extensive 
experience of disabled children, go on to 
review the range of distressing problems 
encountered by families, though it is 
interesting that the effect on fathers still 
eludes systematic research. 

Intellectual functioning and specific 
difficulties such as handwriting are care- 
fully analysed. The authors draw on their 
own detailed research and provide a major 
contribution to knowledge in this area. 
Their emphasis on ways of encouraging 
development both before and at school 
and their argument for greater flexibility 
in meeting special educational needs make 
this section essential reading for anyone 
concerned with the education of children 
with spina bifida. The book conclude; 
with a description of the problems facing 
the older child, particularly social isola- 
tion, and, as in other sections, makes 
valuable suggestions aimed at alleviating 
the situation. 

The cumulative evidence from research 
does make some conclusions seem in- 
disputable but it has to be said that the 
authors, though relying on research 
findings, do not attempt to evaluate 
critically the research they report and this 
is an area not without methodological 
problems. Thus the important issue of the 
precise ef'ect on marital relationships is 
still not fully resolved. At times, too, the 
emphasis on research, despite excellent 
reporting, led one to miss the contribution 
that a more psychodynamic approach 
might have made towards an under- 
standing of the powerful ambivalence 
towards offered help that is often met in 
clinical work. Nevertheless, this is a most 
valuable book. 

S. DORNER 


Hearing Loss in Children. Edited by Burton 
F. Jaffe. (Pp. 784; illustrated + tables. 
£21.25.) MTP Press: Lancaster. 1977. 


It is a pleasure to welcome this compre- 
hensive book on hearing loss in children. 
This is a subject that has attracted consi- 
derable attention for the past 30 years and 
an enormous volume of written material 
in the form of papers as well as books has 


been available throughout this period. : 


Nevertheless, we find ourselves now with 
an urgent need for books of this type. The 
reason for this is that in the development 
of new techniques for the assessment and 
management of these children most 
progress has been made as a result of a 
high degree of sophisticated specialisation. 
Over the past few years this has been 
almost breathless in rapidity and the 
various specialists have tended to leave 
each other behind. We now look at one 
another and see an exciting but disjointed 
field of developmental paediatricians, 
otologists, audiologists, surgeons, gene- 
ticists, electrophysiologists, teachers, lan- 
guage therapists, hearing aid specialists, 
and counsellors of different types. How 
many paediatricians dealing with deaf 
children can recognise even the names of 
the otological operations practised on 
their patients? How many audiologists 
are aware of each new surgical technique 


which becomes available? There are 


indeed few surgeons who have had the 
time or training to place their work in the 
context of other aspects of management. 
All these subjects are treated in detail by 
some of the leading specialists in their 
field and the book, very helpfully edited by 
Dr Jaffe, should be strongly recommended 
for the shelves of all those individuals and 
departments who are in any way connected 
with deaf children. 

ELLIS DOUEK 


Gestational Age of the Newborn. A Clinical 
Manual. By Lilly M. S. Dubowitz and 
Victor Dubowitz. (Pp. xii + 139; illus- 
trated + tables. US 512-00.) Addison- 
Wesley: Menlo Park, California. 1977. 


The purpose of this book, as stated in the 
preface, is to give a detailed description of 
the Dubowitz method of assessing gesta- 
tional age. This is a valuable aim as 
attention to detail of technique is essential 
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in making any such method work. It 
beautifully accomplished in chapter 
which consists largely of a series ¢ 
excellent photographs of many of tk 
characteristics used in this method c 
gestational age assessment. The remainir. 
100 pages of the book are less useful. The 
consist of a review of the literature c 
gestational age assessment which, thoug 
reasonably complete, tends to emphasis: 
too strongly the shortcomings of altern: 
tive methods, together with a descriptio 
of the way the Dubowitz method was 
derived and applied in special groups 
Most of this information is readil 
available in medical journals and it is fz 
too long and detailed to be of value. As 
result the book is too big for its limites 
purpose which is as a handbook fc 
special care units in which the Dubowit 
method is used. 

J. M. PARKI} 


Shorter notices 


Pathogenesis of Human Muscular Dys 
trophy. Edited by Lewis P. Rowlanc 
(Pp. 896; illustrated + tables. US 
$66.95.) Excerpta Medica: Amsterdam 
1977. 


Proceedings of the Fifth Internationa 
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Annotation 


Faecal soiling and anal achalasia 


Overflow soiling from chronic accumulation of 
faeces in the rectal ampulla is a distressing problem 
in children. In as many as one-sixth, the underlying 
cause is anal achalasia, involving a failure of 
the anus to relax reflexly! that can be shown 
by anorectal manometry.? Most of the children 
in this group are of preschool age and many will 
present as toddlers. Some, but not all, will have 
a history of sluggish defecation in infancy. Anal 
achalasia usually proves to be due to ultrashort 
segment Hirschsprung's disease, with typically 
abnormal intrinsic neurohistology evident in appro- 
priate specimens from the wall of the rectal ampulla. 
A suitable biopsy can be obtained by anorectal 
myectomy,? which has proved to be a benign 
procedure. The close correlation between the 
abnormal histological findings and the abnormal 
response to anorectal manometry has discouraged 
the widespread use of the latter for diagnosis, as, 
in addition to special skill, it requires time and highly 
specialised and costly equipment. Moreover, as 
myectomy appears to assist effective treatment, it has 
come to be practised relatively widely by paediatric 
surgeons for the diagnosis and management of 
ultrashort segment Hirschsprung’s disease. 4-5 

The facilities needed for manometry and, to a 
lesser degree, myectomy are rather sophisticated and 
specialised, and only accessible to a few favoured 
paediatricians. Some of those less favoured may 
consequently fear that they are ill equipped to offer 
appropriate management to a proportion of the 
children that they see with faecal soiling. Happily, 
this fear may be groundless, for most patients with 
anal achalasia can be managed effectively without 
confirmatory tests to establish the diagnosis, and 
without myectomy, even for ultrashort segment 
Hirschsprung’s disease. This was demonstrated 38 
years ago by Hurst,® who showed that anal dilatation 
was helpful, at a time when it was not considered 
appropriate to examine the intrinsic neurohistology 
of the part. It is possible today, in centres with 
facilities to interpret the histology of small specimens 
taken from the short aganglionic zone in the rectal 
wall by suction mucosal biopsy,’ to diagnose ultra- 
short segment Hirschsprung’s disease without 
requiring myectomy specimens. It has also become 


clear that stretching the anus under general anaes- 
thesia will help to relieve the symptoms of anal 
achalasia for a considerable time, in much the same 
way as the daily use of Hurst’s massive anal dilator. 
If required, it is not unduly hazardous or difficult to 
repeat the stretching of the anus at intervals. 
Incidentally, an essential preliminary to myectomy is 
stretching of the anus, so that where myectomy has 
been performed in the management of ultrashort 
segment Hirschsprung's disease it is impossible to 
decide the proportional benefit from the myectomy 
and the anal stretch. It follows that where there is a 
mass of faeces dilating the rectal ampulla with 
consequent faecal soiling, empirical stretching of the 
anus under general anaesthesia may prove helpful 
in treatment. 

The general principles underlying the management 
of chronic constipation in children have been sum- 
marised by Bentley,? but the following regimen can 
be used usefully to manage megarectum and rectal 
inertia, with or without anal achalasia. The presence 
of an abnormal accumulation of faeces in the rectal 
ampulla of a patient can be deduced from the 
history and confirmed by physical examination. 
Where there is a faecal mass in the rectum a plain 
abdominal radiograph will confirm the distension of 
the rectal ampulla and give a good indication of the 
amount and distribution of faecal accumulation in 
the large bowel, without the distress and cost of a 
barium enema examination. A large pelvic mass 
can impede emptying of the bladder and predispose 
to urinary tract infection, so that urine culture is 
appropriate, with the possible need for further in- 
vestigation and treatment of urinary tract infection. 
Thereafter, examination under general anaesthesia 
allows a detailed examination of the anus for other 
lesions, general confirmation of the physical findings, 
and stretching of the anus. 

Digital evacuation is undertaken for any massive 
accumulation of faeces in the rectum. Detention as 
an inpatient is then helpful, as a child who is 
removed from his home into the relatively ordered 
discipline of a children's ward will often accept, 
without a distressing struggle, phosphate enemas* 


*Fletcher's disposable phosphate enema (Pharmax Ltd.). 
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administered by a skilled children’s nurse. Enemas 
are repeated twice weekly until the large bowel is 
emptied of faeces. Thereafter the reflex of defecation, 
as distinct from colonic peristalsis, will require con- 
tinued stimulation, preferably without either exces- 
sive distension of an oversized rectal lumen, or the 
skilled administration of enemas or suppositories. 
Fortunately this can be achieved by bisacodyl 
(Dulcolax) given by mouth instead of by more direct 
application to the rectum as a suppository. It is also 
useful to prevent rock-hard stools and increase 
faecal bulk by giving 50°% lactulose syrup in moder- 
ate doses. The medication is adjusted to achieve 
full evacuation of formed faeces (rather than an 
incomplete bowel motion) once every 24 to 48 
hours. This will continue to stretch the anus. The 
preferred time for evacuation is late afternoon, 
after the hurry associated with the school day. 

When the pattern of evacuation is stable and 
satisfactory, treatment can continue at home, but the 
follow-up should be prolonged, as interested super- 
vision reduces the chance of relapse. Should this 
occur, the stabilisation regimen, including the anal 
stretch, may need to be repeated. 

Happily, behaviour problems associated with 
faecal soiling commonly diminish with cessation of 
the symptom, but occasionally they persist to 
require further attention. Semantics aside, the 


management of true encopresis is a separate and 
distinct problem. 
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The first feed of low birthweight infants 


Changing attitudes in the twentieth century 


D. P. DAVIES 


From the Department of Child Health, Leicester Royal Infirmary 


For low birthweight (LBW) infants there can surely 
be few more important events in life than the first 
feed after birth. Few paediatricians would now 
disagree that LBW infants need to begin feeding 
within the first few hours of delivery. The modern 
awareness of this practice dates from 1964 when 
Smallpeice and P. A. Davies published their important 
paper describing the short-term benefits of early 
feeding, and it is now well known that this study saw 
the end of an era when it was the custom to delay 
feeding, often for many days after birth. However, 
what is less well appreciated is that early in this 
century, when paediatricians were becoming increas- 
ingly involved in the care of LBW infants, it was 
believed essential for the survival of these infants 
that they should be fed soon after birth. 

This article traces some of the important events in 
this rather remarkable cycle of changing opinion con- 
cerning the early feeding practices of LBW infants. 


Early practices 


At the beginning of this century early feeding was 
encouraged because of the belief that small infants 
could not tolerate starvation. Hess (1923), for 
example, recommended that the first milk feed should 
be given to premature* babies at about 12 hours of 
age. In 1923 he wrote: “The necessity of an early 
supply of food cannot be over-emphasised, as even 
the better developed infants do not withstand 
starvation’. Hill in 1917 also believed that milk 
should be given to premature infants at the age of 
12 hours, and Goodhart, writing in 1913, stated: 
‘These feeble infants must not be allowed to wait 2 or 
3 days for regular feeding with the mothers’ milk: 
the loss of weight and possible rise of temperature 


*The term ‘premature’ is used frequently in this paper. The 

various studies referred to were undertaken at a time when 

^M infants were universally considered ‘premature’ 
fective of the aetiology of their small size. 


which such waiting involves may be the last straw 
for some of these infants, who are fighting a feeble 
struggle for existence’. 


The era of delayed feeding 


Over the next 20 years or so the practice of early 
feeding was often challenged and in the 1940s an era 
dawned when delaying the first feed until the second 
or third day, or even longer in sick or very small 
infants, became the custom. It seems that this change 
in attitude was due to two factors. The first was to 
avoid the risk of pneumonia from aspirating milk 
into the respiratory passages (Clifford, 1947). The 
second was the growing belief that many of these 
infants were retaining an excessive amount of 
extracellular fluid in the early days of life so that 
early feeding was felt to be unnecessary and even 
stressful to the infant’s kidneys (Clifford, 1947; 
Hansen and Smith, 1953). Severe loss of weight of 
as much as 20% was often reported, as well as 
haemoconcentration and hyperosmolality (Smith et 
al., 1949; Hansen and Smith, 1953; Drillien, 1970). 
However, because these metabolic disturbances were 
quickly reversed when feeding was started it was felt 
that premature infants could tolerate fluid and calorie 
restriction without adverse affect (Hansen and Smith, 
1953). 

This practice of delayed feeding originated in the 
United States but it was soon to be adopted in the 
United Kingdom. Gaisford and Schofield in 1950 
believed in a 3- to 4-day period of starvation 
(Gaisford and Schofield, 1950). Crosse, writing in 
1954, even believed that the survival of premature 
infants had been greatly improved by giving nothing 
by mouth for several days after birth and suggested 
starving the infants from 12 hours to 4 days after 
birth (Crosse et al., 1954). 

The advantages of delayed feeding were not how- 
ever accepted unanimously. In Finland in 1954 Ylppö 
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questioned the delay in starting feeding and believed 
in fact that milk should be given as soon as possible 
after birth. In Germany, Gleiss in 1955 also resisted 
the fashion of starving premature infants, claiming 
a lower mortality (28%) in premature infants who 
were given their first feed between 12 and 24 hours, 
compared with infants who were fed initially at 36 
hours (41 %). 


Questioning the wisdom of delayed feeding 


In the early 1960s serious doubts began to be 
expressed over the wisdom of delaying the feeding 
of premature infants. Two areas of study seem to 
have been responsible for these changing attitudes. 
Firstly an increasing awareness from clinical studies 
that some types of cerebral palsy might be due to 
early starvation. Secondly there was accumulating 
evidence from experimental studies that early under- 
nutrition could permanently affect the growth of 
many organs, including particularly the brain. 


Clinical studies. Since the nineteenth century it had 
been appreciated that a high proportion of children 
with cerebral palsy were prematurely born (Little, 
1861; Freud, 1897; Ford, 1926) and that the com- 
monest form of cerebral palsy among these infants 
was the syndrome of spastic diplegia (Brissaud, 
1894; Childs and Evans, 1954; McDonald, 1963), a 
symmetrical spasticity affecting the lower limbs more 
than the upper limbs. However, while birth injury 
and asphyxia during delivery were important in 
causing other types of cerebral palsy. these events 
were not considered the most likely cause of the 
typical cerebral palsy of premature infants 
(McDonald, 1963; Churchill, 1963). Instead, damage 
occurring after birth was considered a more likely 
cause, possibly by interfering with the development 
of certain neurones which were maturing at this 
critical time (Polani, 1958, 1959). 

That early starvation might be a factor in the 
aetiology of cerebral palsy in premature infants was 
suggested initially by Freedman in 1961. He showed 
that later neurological and intellectual impairment in 
infants of low birthweight was related to the amount 
of weight loss after birth. 2 years later Churchill also 
reported that infants with spastic diplegia who had 
weighed less than 2000 g at birth and who had been 
born in the years 1950 to 1959 had lost more weight 
and taken longer to regain birthweight than a control 
group of infants of similar birthweight who did not 
develop permanent neurological disability (Churchill, 
1963). From these data it was suggested that neuro- 
logical damage was possibly due to early under- 
nutrition since milk intake was markedly less in 
these infants than in those who developed normally. 


Churchill did concede that the relationship between 
neonatal weight loss and spastic diplegia might 
have been due to infants who were already brain 
damaged at birth not feeding as well and therefore 
gaining weight more slowly, but in fact there was no 
indication that early weight loss was in any way 
associated with signs of central nervous system 
damage at the time. 

Further evidence for the possible relationship 
between early undernutrition and cerebral palsy 
became available in 1964 from the Edin burgh studies 
of Drillien. Three-quarters of the infants weighing 
less than 1367 g at birth who were born in the years 
1953 and 1954 had developed severe neurological 
handicap. On the other hand infants of similar 
birthweight who were born before this time (1948 
to 1952) and afterwards (1955 to 1960) showed a 
much lower incidence of neurological handicap 
(about 30% in each period). Drillien believed that 
early feeding practices might have accounted for the 
very high incidence of handicap in the childrer born 
in 1953 and 1954 since these infants had not received 
any fluid until the third or fourth days and the 
introduction of milk was delayed until the fifth to 
the ninth days. | 

Until 1952 it was the custom to give a first feed of 
glucose water on the first or second days and seldom 
later than the third with milk beginning on the third 
or fourth days. In the years 1955 to 1960 the enthu- 
siasm for delayed feeding was also less, with most 
infants starting on oral fluids on the third day and 
milk on the fifth or sixth days. The percentage weight 
loss was much greater in 1953 and 1954 than in the 
earlier and later periods. The 21 7s weight loss and 
33 days to regain birthweight in the infants who were 
born in 1953 and 1954 suggested that the long delay 
in feeding these infants might somehow have been 
related to the very high incidence of cerebral palsy 
and mental retardation in these infants. Correlation 
coefficients between intelligence scores at the age of 
5 years or later and the feeding and early weight 
changes in these infants (excluding those whose 
delay in feeding was due to oedema or respiratory 
distress) were also highly significant. Drillien con- 
cluded: ‘Although I do not consider the case proven 
that delay in feeding has any serious after-effects the 
findings are at least suggestive. There would appear 
a case for routine early feeding, unless there are 
definite contra-in dications, rather than routine delay'. 


Experimental studies. Around the same time that 
cerebral palsy in premature infants was being 
attributed to early undernutrition, parallel evidence 
was emerging from experimental studies of under- 
nutrition in young animals which substantiated 
claims that early milk intake might be necessary for 


normal growth and development. (Only those 
studies particularly relevant to LBW infants are 
considered here.) 


In 1960, Widdowson and McCance showed that 
rats who were underfed during the suckling period 
did not reach their full adult size despite adequate 
feeding after the insult. The activity, inquisitiveness, 
and capacity to learn of these underfed rats were 
also permanently affected (Lat et al., 1961). However, 
if the rats were underfed at a later stage of develop- 
ment there resulted only a temporary retardation of 
growth which was completely reversed with adequate 
later feeding (McCance and Widdowson, 1962). 
Particularly sensitive to early undernutrition was the 
brain with the incorporation of amino acids, choles- 
terol, phospholipids, and cerebrosides being mark- 
edly reduced (Culley and Mertz, 1965). The long- 
term effects of early undernutrition on later growth 
and development were explained by the phase of 
cellular growth which was reached in the various 
organs and tissues at the time of undernutrition 
(Winick and Noble, 1965, 1966). Early growth was 
due mainly to cell proliferation and this was 
particularly vulnerable to undernutrition with a 
greater likelihood of a permanent distortion to the 
growth of the body and brain. Later growth resulted 
more from cell hypertrophy and this phase was less 
vulnerable to undernutrition with complete growth 
recovery being possible with adequate feeding after 
the nutritional insult. 


The era of early feeding 


The dangers to brain and body growth from early 
starvation which were suggested by these clinical 
and experimental studies provided a sound basis to 
question the wisdom of delaying feeding preterm 
infants. In 1962 Dr C. A. Smith, formerly a staunch 
advocate for delayed feeding in the United States in 
the 1940s and 1950s, presented an important 
critical appraisal of his neonatal feeding practices. 
He now admitted that the most important assump- 
tion which had guided his early thoughts to delay 
feeding of preterm infants—namely, the accumula- 
tion of extracellular fluid which had suggested 
overhydration—was wrong. It was now believed that 
much of this oedema was due to early tissue break- 
down which could be prevented by early feeding 
(McCance and Widdowson, 1959; Usher, 1961). 
Smith concluded: ‘If metabolic and fluid disturb- 
ances of sick premature and other newborn 
infants may stem from increased metabolism 
(including the catabolism of body tissue) . . . the 
therapeutic possibilities of earlier feeding become 
suddenly more attractive’. 
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Short-term effects of early feeding 


The first detailed clinical study of the effects of 
feeding milk very early to premature infants was 
reported by Smallpeice and P. A. Davies in 1964. The 
infants studied weighed between 1000 and 2000 g at 
birth and were fed undiluted human breast milk from 
within 2 hours of birth in volumes of 60 ml/kg body 
weight given in the first day, increasing to 160 ml by 
the fourth day. This ‘early fed’ group was compared 
with two other groups of low birthweight infants. 
(i) Infants of comparable birthweight who were born 
during the study period but who were not fed until 
between 4 and 32 hours after delivery and given 
considerably less over the next week (‘later fed’ 
group). (ii) Infants weighing between 1000 and 2000 g 
who were born before the study period and who had 
been starved for at least 24 hours (‘late fed’ infants). 
The results were impressive. The ‘early fed’ infants 
regained their birthweight sooner and lost less weight 
than the other groups. Bilirubin levels were lower 
and there was also less symptomatic hypoglycaemia 
in the early fed infants. There was also no increase in 
the incidence of aspiration pneumonia. Smallpeice 
and Davies concluded: ‘The arguments for early and 
adequate feeding of these small infants seemed to be 
forceful. It is fully justified if hyperbilirubinaemia 
can be reduced and symptomatic hypoglycaemia 
largely eradicated. Still more if shortening the time 
to regain birthweight reduced neurological sequelae’. 

This study therefore showed that it was feasible to 
feed milk to LBW infants soon after birth. It is 
interesting, however, that it was not received 
enthusiastically. A leading article in the Lancet in 
1965 commented that the advantages of early feeding 
were outweighed by the risks, particularly since many 
earlier studies had failed to show any real benefits. 
The article concluded: ‘If the healthy mature baby 
chooses to fast for several hours after birth, we 
should bow to his superior knowledge, and profit 
from his example in our care of the premature, less 
able to tend for themselves. We may not always 
understand the ways of Nature, but if she has created 
the human infant to observe temperance and modera- 
tion over his first drink, then presumably she knows 
best’. It is interesting to record the reply to this 
statement by Smallpeice and Davies (1965): ‘Finally, 
just where does your study of Nature lead us? We 
have watched many healthy mature babies who were 
seemingly unaware that Nature intended them to 
observe “temperance” and “moderation” over their 
first feed. We are surprised that you should quote her 
as our model for the care of the premature baby. 
Are we not correct in thinking that her neonatal 
mortality in this group in the animal kingdom is 
nearly 100%?’ 
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Other studies confirmed the benefits of early 
feeding in reducing early weight loss, raising blood 
glucose levels, and lowering unconjugated bilirubin 
in the serum (Beard et al., 1966; Wu et al., 1967). 
Among these was an important study by Wharton 
and Bower in 1965. Two groups of infants who 
weighed between 1000 g and 2250 g at birth were 
given liberal volumes of milk similar to those used 
by Smallpeice and Davies (starting within the first 
few hours of birth) or smaller volumes starting at 12 
to 16 hours. The results confirmed the value of early 
milk feeding in reducing the incidence of hypo- 
glycaemia and neonatal jaundice and amount of 
weight loss. There was, however, a higher mortality 
in the ‘immediate’ fed infants from aspiration. of 
regurgitated milk compared with the ‘later fed’ 
infants and no explanation could be offered other 
than the difference in feeding methods since inhala- 
tion of vomit was a frequent necropsy finding in the 
‘immediate fed’ infants. Wharton and Bower 
concluded that although there was very good reason 
for immediate feeding with undiluted human breast 
milk the practice was not without danger. They 
Suggested that smaller volumes of milk should be 
given—only about one-third of the volumes sug- 
gested by Smallpeice and Davies and that the 
regimen might have to be modified in special 
circumstances. 


Long-term advantages of early feeding 


By preventing hypoglycaemia, hypernatraemia, and 
severe jaundice and with less interruption to perinatal 
growth it was likely that the long-term prognosis of 
LBW infants with regard to their neuropsycho- 
logical development would also be improved. The 
first to show long-term benefits of early feeding were 
P. A. Daviesand Russell in 1968. They showed that at 
a mean age of 2 years the intellectual and neurological 
development and physical growth of LBW infants 
who had been fed milk early showed a considerable 
improvement over those children who were born at 
a time when delayed feeding was practised. 

Further support for the hypothesis that early 
feeding might improve the quality of later develop- 
ment came 2 years later. In a study from Hammer- 
smith Hospital (Davies and Davis, 1970), later head 
growth of infants weighing less than 1500 g at birth 
in two consecutive 4-year periods (1961-1964 and 
1965-1968) was evaluated and correlated with milk 
intake and temperature in the first weeks of life. 
Different feeding regimens were given in the two 
periods: in the first period (1961-1964) milk intake 
in the first week after birth was restricted while in the 
second period (1965-1968) the more liberal policy 
as described by Smallpeice and Davies was used. 


When the infants were seen later in childhood the 
following interesting points emerged. The preterm 
infants who were born between 1961 and 1964 had 
smaller head circumferences than those born between 
1965 and 1968. Height and weight distributions also 
paralleled changes in head circumference. Because of 
the close correlation between head circumference and 
brain weight (Fedrick, 1971) and cellular brain 
growth (Winick and Rosso, 1969) Davies and Davis 
suggested that relatively minor undernutrition in 
preterm infants during the time of very rapid brain 
growth could produce a deficit in the ultimate size 
of the brain. 

Also stressed in this study was the role of the 
infants’ thermal environment in the economy and 
use of food. In the years 1961 to 1964 the mean body 
temperature of all the low birthweight infants was 
35-9°C, while between 1965 and 1968 it was 36-3?C. 
It was suggested that the improvement in the quality 
of growth and development of the infants born 
between 1965 and 1968 was due not only to the early 
and liberal provision of milk but also to the economic 
use of the food in promoting growth instead of being 
diverted to maintaining basal metabolic processes 
which might have been the case in the infants born 
in the years 1961 to 1964. 


Conclusion 


By the early 1970s the practice of early feeding LBW 
infants was well established. The wheel had now 
turned a complete circle since the beginning of the 
20th century. The earlier preoccupation with 
survival alone had been gradually replaced by an 
increasing need to improve the quality of survival 
with normal intellectual function. To delay feeding 
could no longer be justified. It is indeed humbling to 
recall again the views which were expressed by 
Goodhart as long ago as 1913: ‘These feeble infants 
must not be allowed to wait 2 or 3 days for regular 
feeding with the mothers’ milk. The loss of weight 
and possible rise of temperature which such waiting 
involves may be the last straw for some of these 
infants, who are fighting a feeble struggle for 
existence.’ 

In 1977 it is interesting to look back at these events 
and to try to see them in their true perspective. To 
do this it is important to realise that the long-term 
prognosis of LBW infants depends upon many 
factors, adequate nutrition being only one. The 
1950s and early 1960s were not only the years of 
early starvation; they were also years where ‘modern 
neonatal iatrogenesis reached a peak when almost 
every major error in newborn care was widely 
practised, at least for a time by overextended 
paediatricians using inadequate equipment’ (Lancet, 





1974). Thus, as well as infants being frequently 
starved for 2 to 5 days, they were exposed in 
incubators and often allowed to become chilled; 
they were all too often resuscitated at birth 
by large doses of nikethamide or by intragastric 
oxygen and showed an increased risk of kernic- 
terus from the excessive use of vitamin K and 
sulphonamides. 

Recently it has also come to light that during these 
same years there was also an indiscriminate restric- 
tion in the use of adequate oxygen concentrations 
soon after birth for infants requiring resuscitation 
(Bolton ard Cross, 1974). This is believed to have 
been a reaction to the newly discovered association 
in the early 1950s of high oxygen concentration in 
the blood and retrolental fibroplasia (Ashton ef al., 
1953). Until about 1950 there was a steady decline 
in early neonatal mortality both in Britain and the 
United States, but between about 1950 and 1965 
this decline was brought to a temporary halt, mainly 
because more LBW infants were dying on the first 
day of life from lack of oxygen. It is also likely that 
the LBW infants who survived the first few days of 
life during this time of oxygen restriction were more 
at risk of permanent brain damage from neonatal 
hypoxia. 

In about 1965 neonatal mortality again began to 
fall and this trend has continued unabated into the 
1970s. Many factors have been responsible which are 
embraced by the term neonatal intensive care. These 
include improved obstetric care; prompt treatment of 
birth asphyxia; the introduction of the oxygen 
electrode to accurately measure arterial oxygen 
tension; conservation of body temperature; a better 
understanding of neonatal pulmonary problems; and 
the introduction of phototherapy for the manage- 
ment of jaundice. Alongside this falling neonatal 
mortality there has also been a dramatic drop in the 
incidence of long-term handicap such as epilepsy, 
cerebral palsy, mental subnormality, blindness, and 
deafness (Davies and Stewart, 1975). The practice of 
early feeding LBW infants has coincided with all these 
other improvements in perinatal care. (It is also per- 
haps significant that none of the early experimental 
studies of undernutrition in fact really produced 
syndromes of cerebral palsy.) The improved long- 
term prognosis of LBW infants cannot therefore be 
attributed solely to early feeding. Attention to 
adequate feeding, which has been made possible 
by improvements in nursing skills, has undoubtedly 
played an important part, but it must be considered 
as only one of many improvements of perinatal care 
which have made possible the much better outlook 
for LBW infants. 


I thank Miss Maureen Coler for secretarial assistance. 
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Reflex anoxic seizures (‘white breath-holding’): 
nonepileptic vagal attacks 


J. B. P. STEPHENSON 
From the Fraser of Allander Unit, Royal Hospital for Sick Children, Glasgow 


SUMMARY From clinical history 58 children were diagnosed as having reflex anoxic seizures secondary 
to provoked cardioinhibition (also known as white breath-holding attacks). Before referral, these 
seizures were commonly misdiagnosed as epileptic either because the provocation was ignored, not 
recognised, or was a febrile illness, or because there was no crying, no obvious breath-holding, 
little cyanosis, and often no pallor to suggest syncope and cerebral ischaemia. The duration of 
cardiac asystole after ocular compression was measured in these children and in 60 additional 
children with other paroxysmal disorders. In 45 (7897) of the 58 with reflex anoxic seizures asystole 
was 2 seconds or over, and in 32 (55%) it was 4 seconds or greater, an abnormal response. Review 
of the literature supports the concept that these seizures result from vagal-mediated reflex cardiac 
arrest which can if necessary be prevented by atropine. The simple name ‘vagal attack’ is proposed. 
Ocular compression under EEG and ECG control supports the clinical diagnosis if asystole and/or 
an anoxic seizure is induced; the procedure described is safe and should be routine in seizure or 







syncope evaluation, when a meticulous history still leaves room for doubt. 


The honest paediatrician must confess that the terms 
seizure, fit, or convulsion conjure up the spectre of 
epilepsy, if not present yet to come. Because a single 
seizure, even if shrugged off as simply a benign 
convulsion, is thought of as epileptic in mechanism 
(that is, involving the excessive hypersynchronous 
discharge of a population of cerebral neurons), it is 
no surprise that the child with recurrent seizures 
unprovoked by fever soon acquires a diagnosis of 
epilepsy. Despite Gastaut’s cogent exhortations 
(Gastaut and Gastaut, 1958; Gastaut, 1974), the 
question ‘were the seizures anoxic rather than epi- 
leptic?’ is still seldom asked. Breath-holding (Gauk 
et al., 1963; Lombroso and Lerman, 1967,) syncope 
(Sharpey-Schafer, 1956; Gastaut, 1974), infantile 
syncope (Sheldon, 1952; Bower, 1974), and cerebral 
ischaemia from cardiac arrhythmias (Scott ef al., 
1976; Radford et al., 1977) are all well recognised, 
so why should this be so? I think an explanation lies 
in the lack of a universal descriptive name to label 
the attacks which form the subject of this paper. 
Because their languages had no word for it, con- 
tinental European paediatric neurologists had 
difficulty in understanding what Robson (1970) 
meant by the term ‘shuffler’ until he performed a 
ime on stage (Robson, 1977). A similar difficulty 
cures the recognition of those reflex anoxic 
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seizures which appear to depend on vagal-mediated 
cardiac arrest after minor provocation. 

In a typical case an unsteady toddler on his own 
trips and falls. His mother hears the bump but no 
succeeding cry and hurries to him. She finds her 
child lying deathly still with eyes fixed upwards, lips 
dusky. As she lifts him, he abruptly stiffens into 
rigid extension with jaw clenched and hands fisted, 
gives a few jerks, and after what seems an age (but in 
fact is less than half a minute) relaxes limply with an 
absent far-away look. Then he opens his eyes, at 
once recognises his mother, cries a little, and drifts 
off to sleep, his face distinctly pale. 

These alarming episodes have been variously called 
breath-holding spells with vagotonia (Bridge ef al., 
1943), type II transient hypoxic crises (Maulsby and 
Kellaway, 1964), breath-holding spells of pallid 
type, or pallid infantile syncope (Lombroso and 
Lerman, 1967), reflex anoxic cerebral seizures with 
‘white’ syncope (Gastaut, 1968), or colloquially, 
white breath-holding attacks. Such descriptions 
apart from being over-long are unhelpful or even 
misleading, because in an attack there may be no 
obvious breath-holding and no pallor to suggest 
syncope (Lombroso and Lerman, 1967). It is the 
purpose of this present paper to draw attention to 
these distinctive ‘white’ reflex anoxic seizures without 
an established name, to support the routine use of 
ocular compression under electroencephalographic 
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(EEG) and electrocardiographic (ECG) control as 
an aid to diagnosis, and to suggest the term vagal 
attack as short, meaningful, and clinically useful. 


Patients and methods 


During the 5-year period 1972-1977, 118 children 
had ocular compression and an EEG as an aid to the 
diagnosis of reflex anoxic seizures. Of these, 111 had 
ocular compression while the EEG and ECG were 
recorded simultaneously, and the remaining 7 


children had ocular compression with cardiac 
monitoring after the EEG examination. Clinical 
histories were available for all the 118 children: 
additional information was obtained in 29 of these. 


who attended a paediatric neurology clinic and were 
the subject of a personal study—all 7 who had ocular 
compression separate from EEG were in this latter 
group. There were 50 boys and 68 girls in the series, 
aged from 10 months to 14 years at the time of 
testing, with the exception of one 3-month-old baby. 
The median age at test was just less than 4 years. 
Ocular compression (modified from Lombroso 
and Lerman, 1967) was carried out for a maximum 
of 10 seconds by applying strong pressure with the 
thumbs, just below the supraorbital ridges, over the 
closed eyelids of the child who was lying supine 
(Figs. 1, 2). EEG electrodes were attached in stan- 
dard manner (international 10-20 system), and the 
ECG, from a plate electrode on the left leg coupled 








Figs. 1-8 Ocular compression 
inducing a ‘white’ reflex anoxic 
seizure in a child prone to such 
attacks. Note the ocular revulsion in 
Fig. 3, tonic phase (during EEG 
flattening) in Fig. 4, atonic absence 
in Figs. 5 and 6, and very rapid 
recovery. Cardiac asystole lasted 11 
seconds but there was only minimal 
cyanosis and no pallor (confirmed 
by colour photographs). 
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to scalp electrode Fz was recorded simultaneously 
as a single channel on the same paper as the EEG 
(Fig. 9). Throughout the procedure the EEG 
technician tapped out the systolic rhythm with a 
pencil to give an audible signal to the paediatrician 
(the author in over 85 °% of cases) who was perform- 
ing the ocular compression. Resuscitation equipment 
was available in the EEG room but in practice was 
never required and the child was left undisturbed 
and unstimulated however long the induced asystole 
(maximum observed arrest 23 seconds). 

From the clinical description the children were 
classified into four groups (Table 1). (1) Reflex 
anoxic seizures of the ‘white’ or pallid type, as 
found in infancy and early childhood. The basis for 
inclusion in this group was that the child on clinical 
grounds seemed to fit the description given by 
Lombroso and Lerman (1967, p. 265) of so-called 
pallid breath-holding spells (see also Discussion). 
Typically, a rather minor unpleasant stimulus was 
followed within seconds by loss of consciousness and 
posture, without prominent crying or striking 
cyanosis. In the majority a tonic seizure (sometimes 
with clonic component) interrupted this atonic 
absence. Pallor, during or afterwards, was usual but 


Table 1 Ocular compression study 1972-1977 


Asystole duration (s) 


ann 


Group diagnosis <2 2ormore 4ormore Total 
1 Reflex amoxic seizures 

(white) 13 13 32 58 
2 Syncope, reflex and 

spontaneous 15 5 28 
3 Blue breath-holding 7 3 1 11 
4 Miscellaneous and uncertain 15 5 1 21 
Total 50 29 39 118 


y? (group 1 versus group 2 vs. groups 3 and 4 combined) — 
26-2, d£ 2, P «0-001. 
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not universal. There were 58 children in this group 
all less than 7 years at age of onset (7 of them were 
over 7 years at the time of testing). 

(2) Syncope, spontaneous and reflex (Gastaut and 
Fischer-Williams, 1957; Gastaut, 1974). There were 
28 cases in this group all aged 7 years or over at 
onset (with 3 exceptions, a child of 4 years who had 
simple syncope reflexly precipitated by abdominal 
pain and 2 others who had simple syncope without 
known cause at 3 years and 6 years). The children in 
this group were generally regarded as having simple 
faints of vasovagal type, the common conception of 
syncope, with provocations such as a hot environ- 
ment, erect posture, the sight of blood, and so forth 
(Engel, 1962). 

(3) Blue (cyanotic) breath-holding attacks 
(Lombroso and Lerman, 1967), 11 cases. In this 
well-known situation, the child if annoyed or hurt, 
cried, held his breath in prolonged expiration, 
became deeply cyanosed, and was then limp (or 
occasionally stiff); recovery was rapid with renewed 
respirations. 

(4) Miscellaneous and uncertain, including possible 
white or blue breath-holding, epilepsy, and undif- 
ferentiated or unexplained attacks of unconscious- 
ness, 21 cases. 


Results 


The effect of ocular compression on the duration of 
induced asystole differed significantly between these 
four groups as shown in Table 1. More than 55% 
of group 1, those with ‘white’ reflex anoxic seizures, 
had an abnormal response (Lombroso and Lerman, 
1967) with 4 seconds or more asystole, compared 
with 18°% of those with classical syncope, and only 
6% of the combined blue breath-holding and 
miscellaneous groups including those with epilepsy 
(x? = 26:2, df 2, P<0-001). These differences 
were not significantly influenced by age or sex. 


` 





obig. 9 Simultaneous EEG and ECG during and after ocular compression in a child with reflex anoxic seizures. 
ęystole lasted for 13 seconds, with flattening of the EEG for 7 seconds during the tonic seizure. The heart 
Receitgrted 4 seconds before the high voltage slow activity which accompanied a blank stare (anoxic absence). 
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Paediatricians who referred more children for 
ocular compression had a higher proportion of 
abnormal asystoles among their patients, although 
the trend was not statistically significant. 

Parents’ descriptions revealed that the ‘white’ 
reflex anoxic seizures had certain characteristic 
precipitating factors (Table 2), including fever in 8 
cases (14%), but it was notable that a history of a 
provoking stimulus could not be established for 
every anoxic seizure in every child. 

Of the personal series of 29 cases of ‘white’ reflex 
anoxic seizures seen for neurological investigation, 
21 (72%) were referred with a diagnosis of epilepsy 
or convulsions (Table 3). In this series 19 of the 
children had tonic seizures (with or without clonic 
jerks), and 10 atonic seizures without convulsion. Of 
the total group of 58 children with ‘white’ reflex 
anoxic seizures, 12 (21%) had one or more anti- 
epileptic drug prescribed, usually by paediatricians. 
No genuine spikes consistent with epilepsy were 
seen in the EEG of any of these children (Table 4). 


Teble 2 Stimulus to reflex anoxic seizures (white) 


Predisposing: clumsy legs: trips easily 
anaemia 
bebaviour disorder 
Provocations: pain (especially surprising paln, bumps to head) 


emotion (surprise, fear, annoyance, frustration, 
excitement} 


crying 
fever (8/58: 14 92) 
Reason not always discovered: often no witnesses 


Table3 Referral diagnosis in reflex anoxic seizures 
(29 personal cases) 


Epilepsy (grand mal, petit mal, minor, mild, previous febrile 


convulsion, post-traumatic) li 
Convulsions (no cause, after pain or bumps, febrile) 10 
Loss of consclousness (unexplained, with incontinence, 

faints, or fits) 3 
Breath-holding (uncertain, not convinced, dangerous 7) 3 
Head injury 1 


Frequent falling 1 


Table 4 Reflex anoxic seizures treated as epilepsy 


(ocular compression study) 
Total munber of Anti-epileptic drugs 
Diagnosis children given 
Reclex anoxic seizures 
(white) 58 i2* 21% 
60 0 


* None had genuine EEG spike abnormality; 1-3 drugs prescribed 
per child, mean 1-4; paediatrician began treatment in 8 children. 


Table 5 Parents’ descriptions: reflex anoxic seizures 





Prodrome: runs slowly, legs ure 'dozey', tries to cry, 
groans: ‘like wind coming out of a balloon’ 

Posture: head rolls, neck ‘broken’, soft, limp, keels over 

Eyes: roll, up, back, ‘pop out of head’ 

Jaw: clenched, teeth 'gritted' 

Tone change:  stiffens, back arched like a cat; arms twisted, 

out, fists cl 

Jerks: add, slow, slight 

Continence: may wot 

Colour: ashen under eyes, blue or purple Hips, yellow 
patches through the blue; whitey, grey, waxy, 
med QUU HINME 
all; no colour change noticed 

Recovery wants to sleep or be nursed, sleeps, or gets up 


and rons away 


The parents’ descriptions of the reflex anoxic 
seizures themselves had certain characteristics in 
common (Table 5), and in any particular child the 
form of the seizure was stereotyped although of 
varying severity. If an anoxic seizure was induced 
by ocular compression (Figs. 1-8), then the parent 
present would recognise it as typical but usually 
added that the ‘natural’ attacks looked worse. 


Discussion 


The 58 children in group 1 (Table 1) were clinic- 
ally regarded as having refiex anoxic seizures from 
vagal-mediated cardiac inhibition on the basis of 
the history. The attacks resembled the so-called 
pallid breath-holding spells or pallid infantile 
syncope as described by Lombroso and Lerman 
(1967), but as pointed out by these authors breath- 
holding was not a conspicuous feature and pallor 
was often not evident. This class of seizure was first 
clearly delineated by Maulsby and Kellaway (1964) 
as their type IL hypoxic crisis of childhood, which 
they contrasted with the type I crisis or breath- 
holding spell: ‘The type If hypoxic crises were 
precipitated exclusively by unexpected painful 
stimuli such as a blow to the head. The child, without 
crying and without any apparent conscious acknow- 
ledgement of the insult, suddenly falls limply 
unconscious. He may then quickly regain conscious- 
ness or he may have an opisthotonic and clonic 
seizure followed by another atonic phase before 
consciousness is regained. Usually there is no 
cyanosis. Although it is often not obvious to the 
observer, the child usually does not breathe during 
the initial phase of the attack, the respiration being 
arrested in the expiratory position'. Lombroso and 
Lerman (1967) gave a similar definition of this type 
of seizure, again comparing it with the more common 
cyanotic breath-holding spell: ‘a second well- 
defined group . . . lost consciousness following the 
stimulus much more quickly than the first group, 
with a minimum of crying and usually more often 
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without cyanosis. Pallor was often described in this 
group, and convulsive phenomena were seen as the 
attacks terminated’. 

Lombroso and Lerman (1967) were the first to 
show that children with pallid breath-holding spells 
were distinctive (and different from those suffering 
from blue breath-holding spells) in being abnormally 
sensitive to the heart-slowing effect of ocular 
compression. The present study confirms this: more 
than half of those with ‘white’ reflex anoxic seizures 
had a duration of induced asystole of 4 seconds or 
more, an effect never seen in the control group of 
Lombroso and Lerman (1967). The group with 
classical syncope was intermediate in this respect 
(cf. Gastaut and Fischer-Williams, 1967), while in 
the blue breath-holding and miscellaneous groups 
abnormal asystole was only observed twice. One 
such child was classified as blue breath-holding 
because of the depth of cyanosis reported, but the 
very rapid evolution of the tonic seizure after the 
provocation was compatible with cardioinhibition 
as the underlying mechanism. The other child with 
abnormal asystole was relegated to the ‘miscel- 
laneous’ group because of insufficient history (the 
episodes occurred in a school bus), but was in fact 
the sister of one of those in group 1. 

The assertion that the ‘white’ reflex anoxic seizures 
here described result from vagal-mediated cardiac 
arrest is based on five related pieces of evidence: 
(1) They closely resemble the experimental seizures 
induced when ocular compression leads to cardiac 
asystole either in the sitting (Gastaut and Gastaut, 
1958; Gastaut et al., 1961; Gastaut, 1974) or in the 
supine position (Lombroso and Lerman, 1967), 
which in turn resemble the seizures caused by acute 
uncomplicated interruption of the cerebral circula- 
tion (Rossen et al., 1943). 

(2) If ocular compression does induce an anoxic 
seizure in a particular child then the parent witnessing 
will recognise it as identical to the child's regular 
attacks (Gastaut and Gastaut, 1958; Lombroso and 
Lerman, 1967; present study). 

(3) Even if an anoxic seizure is not so induced, 
ocular compression is likely to trigger asystole of 
abnormal (4 seconds) duration (Lombroso and 
Lerman, 1967; present study). Although 6 out of 83 
(7%) of the age-matched control group of Lombroso 
and Lerman (1967) developed asystole of 2 seconds 
or more, in none did asystole extend to 4 
seconds. 

(4) On the few occasions when it has been possible 
to witness ‘natural’ attacks induced by emotion or 
noxious stimuli other than the artificial procedure 
of ocular compression, asystole or extreme brady- 
cardia has been observed at the onset (Bridge et al., 
1943; Bridge, 1949; Maulsby and Kellaway, 1964); 
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one such fortuitious episode with 24 seconds asystole 
in a 21-year-old girl is illustrated in figure 10 of 
Lombroso and Lerman (1967). 

(5) Atropine can prevent both the naturally 
occurring seizures and the abnormal response to 
ocular compression (Maulsby and Kellaway, 1964; 
Lombroso and Lerman, 1967). 

That reversible cardiac arrest can cause episodic 
unconsciousness or seizures has been known since 
early in the last century (Adams, 1827; Stokes, 
1846). Since then the term Stokes-Adams disease 
has been confined to patients with heart block (and 
thus heart disease), in whom the atria continue to 
beat during the attacks of ventricular standstill 
(Parkinson et al., 1941). These authors, concen- 
trating on the ECG appearances, contrasted the 
situation in syncope and illustrated asystole exceed- 
ing 4 seconds with sinus arrest resulting from 
pressure on the right eyeball in a 4-year-old boy 
(p. 172, figure 2). So-called intermittent Stokes- 
Adams syndrome with transient complete heart 
block has been described in adults with abnormal 
oesophageal structure (Weiss and Ferris, 1934) or 
function (Havland and Frithz, 1976). The Stokes- 
Adams definition should not be stretched further to 
include reflex atrial and ventricular asystole in those 
with presumed normal hearts, but with exaggerated 
vagal reflexes (Schwartz and Schwartz, 1966). 

The oculo-cardiac reflex has been of the utmost 
value in the demonstration of such excessive vagal 
reactions. It was discovered independently by 
Aschner (1908) and Dagnini (1908) and is a brain- 
stem reflex with the afferent limb the ophthalmic 
division of the fifth nerve and the efferent path the 
vagus. There is some evidence that compressing the 
right eye leads to cardiac slowing and the left to 
cardiac conduction defects (Levine, 1915) but in 
practice both eyes are pressed simultaneously just 
below the supraorbital ridges (Bellett, 1971). Most 
authors who have used the technique in the study of 
seizure disorders have used digital compression, but 
Lombroso and Lerman (1967) used a specially 
constructed ocular tonometer to apply a pressure of 
100 to 200 g—they found the manual method 
equally effective though less precise. Those who 
have investigated the oculo-cardiac reflex in ophthal- 
mic surgery have directly manipulated the extra- 
ocular muscles (ApIvor and Ravi, 1976) and such 
evidence as there is does not suggest that varying 
the tension applied alters the ECG effect (K.M.S. 
Dewar, personal communication, 1977). 

In the study of reflex anoxic seizures ocular 
compression has been performed on a very large 
number of individuals without reported complication 
(Bridge et al., 1943; Gastaut and Gastaut, 1957, 1958; 
Gastaut et al., 1961; Fildisevski, 1961; Maulsby and 
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Kellaway, 1964; Lombroso and Lerman, 1967; 
Gastaut, 1968, 1974). Maulsby and Kellaway alone 
had, at the time of publication, used the test more 
than a thousand times. The longest cardiac arrest 
induced has been 32 seconds (Gastaut ef al., 1961); 
asystoles of 20 seconds or more have not been un- 
common, always reversing spontaneously. Although 
children have died during strabismus surgery with 
the oculo-cardiac reflex implicated (Sorensen and 
Gilmore, 1956; Stephenson, 1974), I can find no 
documentation of a fatality in an awake child. 
Landman and Ehrenfeld (1952) reported ‘nearly 
fatal' ventricular fibrillation' after ocular compression 
for supraventricular tachycardia, but there was by 
presumption heart disease, and inspection of their 
illustrations suggests not fibrillation but ventricular 
tachycardia at worst. One unsubstantiated ancedotal 
warning is to be found in the literature: ‘I am told 
that experts in the techniques of unarmed combat 
recognise that severe pressure on the eyes can cause 
syncope, and if violent enough, death' (Mallinson and 
Coombes, 1960). It therefore seems a wise precaution 
(which we take, like Lombroso and Lerman) to 
have resuscitation equipment available in the EEG 
room, even though the physician who performs 
the ocular compression will never need to use it. 

Direct traumatic ocular complications have not 
been described in children after the test; high 
myopia is mentioned as a contraindication by 
Lombroso and Lerman, but this seems only to apply 
to the elderly and certainly not to the young child. 
From a study of the literature and from my own 
experience (including over 50 ocular compression 
tests monthly since this study was completed) I 
would recommend that ocular compression under 
EEG and ECG control, as described under Patients 
and methods (see also Figs. 1-8, 9), is a safe and 
valuable technique which should form part of the 
routine EEG examination of any child with un- 
explained seizures. I would go so far as to suggest 
that in this clinical situation it is of little value to 
refer a child to an. EEG department unable to 
provide this investigation. 

As all authors who have used ocular compression 
in this field have strongly emphasised, it is of the 
utmost value to a child to be able to positively 
support the diagnosis of reflex anoxic seizures as 
opposed to epilepsy or the possibility of it. The 
relief of the parents when such a diagnosis is made 
and the improvement in the child when sedative 
antiepileptic drugs are discontinued is often very 
striking (Lombroso and Lerman, 1967). The number 
of children referred as epileptic, and the proportion 
treated by paediatricians with antiepileptic drugs in 
the present series testify to the continuing difficulties 
of diagnosis. Certain clinical factors tend to confuse 


the clinician (Table 6), in particular a misinterpre- 
tation of the provoking stimulus. Several published 
papers refer to water-immersion epilepsy (Allen, 
1945; Mofenson et al., 1965; Keipert, 1969, 1972; 
Pearn, 1977) where the reported clinical features 
actually suggest reflex anoxic seizures. A major 
textbook of paediatric neurology (Swaiman and 
Wright, 1975a) quotes Forster (1972) in evidence that 
pain may precipitate a temporal lobe seizure, but in 
fact the latter author gives no BEG evidence of this, 
and Gastaut and Tassinari (1966), in their compre- 
hensive review of triggered epilepsy, could find no 
EEG proof of pain-induced epilepsy. 

Although a painful surprise is the best known 
precipitant of a ‘white’ reflex anoxic seizure, in the 
present series, as in that of Lombroso and Lerman 
(1967), the provoking stimulus was by no means 
confined to unexpected pain (Table 2). Further, in 
8 of the 58 children seizures of apparently indentical 
form were precipitated during febrile ilinesses, and 
one child had as many as twenty ‘febrile convulsions’ 
of this type. The possibility that some febrile convul- 
sions might be vagal-mediated reflex anoxic seizures 
(J. B. P. Stephenson, in preparation) has been ignored 
by most authors (Lennox-Buchthal, 1973; Brazier 
and Coceani, 1976) although 20 years ago McGreal 
(1956, 1957) pointed out the similarity of certain 
tonic and atonic febrile convulsions (about 8%) to 
breath-holding spells, and Gastaut and Gastaut 
(1957, 1958) showed that anoxic seizures could be 
induced in many such children by ocular compression. 
Actually, Lennox-Buchthal (1976), quoting examples 
from Miller et al. (1960), admits that ‘the child with 
febrile convulsions (an estimated 35-10%) may have 
an occasional afebrile convulsion, usually one or two, 
and often under certain conditions such as affer a 
slight blow to the head or during violent struggling or 
crying’ (my italics). Emotional factors (Table 2) are 
powerful stimuli to reflex anoxic seizures, but were 
not always recognised in the present study and were 
sometimes assumed to be a trigger for epileptic fits, 
despite there being no EEG evidence of this in the 
literature (Gastaut and Tassinari, 1966). Stress 
convulsions (Friis and Lund, 1974) might be invoked 
as an exception; however, the older children and 
adults reported had no other evidence of epilepsy 
but did have a strong familial disposition to febrile 
convulsion. 


Table 6 Confusing factors in reflex anoxic seizure 
diagnosis 


Provocation not witnessed, recognised, or remembered 

Fall regarded as ictal, or as cause of head (brain) injury 

Pain, emotion, or fever assumed to be provocation of epileptic fit 
Lack of fever translated as ‘onprovoked’ 

Lack of pallor thought to exclude cerebral ischaemia 
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It is an important practical point that in this series 
provocations were not always evident or witnessed 
by the parent before every attack. When the provo- 
cation is not recognised or remembered, it is all too 
easy to label the seizure epileptic when one means 
epileptiform (Temkin, 1971). No one has described 
this confusion better than Gastaut (1974), '. . . 
lipothymia is confused with either a petit mal 
absence or a temporal lobe seizure . . . a convulsive 
syncope is mistaken for a convulsive epileptic seizure 
generalised from the onset. Such a confusion is 
possible in patients of all ages but is particularly 
common in infants whose unusually frequent reflex 
syncopes are systematically called **convulsions" and 
considered to be epileptic. This deplorable error 
arises from the custom of calling any loss of con- 
sciousness in infancy with ocular revulsion a 
*convulsion" and of considering any childhood 
*convulsion" to be epileptic’. Table 6 lists the more 
important confusing factors brought out by the 
present study. 


It is important for the paediatrician to be keenly 
aware that reflex anoxic seizures exist and are 
common (approximately 8/1000 preschool children 
from the prospective study of Lombroso and Lerman, 
1967) but may require meticulous history taking and 
ocular compression studies for diagnosis. Correction 
of anaemia possibly prevents attacks (Holowach and 
Thurston, 1963), but diagnosis alone is often thera- 
peutic. Drug treatment in the form of atropine 
0-01 mg/kg per day (Swaiman and Wright, 1975b) 
may be required when attacks are very frequent, 
occur in early infancy, and on occasion as a kindness 
to anxious baby-sitters. Whether these children are 
later at greater risk from death by vagal inhibition 
(Simpson, 1949) is not known, but in any event the 
recommended term ‘vagal attack’ in the medical 
history should alert physicians to the need for 
atropine in risky circumstances. Meanwhile, further 
research is needed to determine if there is any relation 
between reflex anoxic seizures and ‘near miss’ sudden 
infant deaths now that vagal bradycardia has been 
postulated as a mechanism for some of the latter 
(Schwartz, 1976; Guilleminault et al., 1976, Keeton 
et al., 1977). The present guess is that the mechanisms 
are very different, with the suspicion of impaired 
protective sympathetic drive in the ‘near-miss’ 
infants up to 3 months of age (Schwartz, 1976) and 
excessive but always reversible vagal discharges in 
the older children with reflex anoxic seizures. 


I am grateful to many colleagues for the opportunity 
to study their patients (in particular Dr K. L. Dodd 
who had the care of the boy in Figs. 1-8) and for 
helpful discussions. I thank Miss G. M. Block, Chief 


Technician, EEG Department, for enthusiastic co- 
operation, and the Department of Medical Illustra- 
tion, R.H.S.C. for the pictures. This paper was 
presented in part at the Scottish Paediatric Society 
summer meeting, Inverness, 1977. 
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Fundamental voice frequency during normal and 
abnormal growth, and after androgen treatment 
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SUMMARY A simple instrument was shown to be suitable for clinical measurement of fundamental 
voice frequency. Basal frequency (SFF) and lowest frequency (LF) were determined in 374 normal 
subjects aged 6 years to adulthood. SFF fell between ages 8 and 10 years in boys (from 259 to 247 
Hz), but not in girls (253 Hz). LF fell between ages 6 and 10 years in boys (from 234 to 203 Hz) 
and girls (from 230 to 218 Hz), and a sex difference appeared. In puberty, parallel to pubic hair 
(PH) development, a gradual fall of SFF and LF occurred in both boys (to 100 and 90 Hz, respec- 
tively) and girls (to 213 and 180 Hz). As a group, young hypopituitary children and girls with 
Turner’s syndrome had a high SFF, and prepubertal boys with delayed maturation a low SFF. In 
some children with prenatal growth failure, SFF was abnormally high. The girls with Turner’s 
syndrome exhibited a high, though individually variable, sensitivity of voice to androgen; their 
voices became lower before the appearance of any other masculinising effects. The instrument is 
useful for characterisation of growth failure syndromes and stages of puberty. It is particularly 


recommended for monitoring an undesirable effect on the voice during androgen treatment. 


The development of the human voice as a function 
of age is characterised by changes in pitch, loudness, 
and variety of tone qualities. The pitch of speech or 
speaking fundamental frequency (SFF), being 
relatively simple to measure adequately, can be used 
as an indicator of voice maturity. In voice develop- 
ment three periods are of interest: infancy and 
childhood, puberty, and aging. Deviations from 
normal development have been reported in children 
with congenital malformations of the articulatory 
organs, e.g. in the cat cry syndrome (Vuorenkoski 
et al., 1966), Down’s syndrome (Weinberg and 
Zlatin, 1970), dysfunction of the central nervous 
system (Wasz-Hóckert ef al., 1968), hypothyroidism 
(Vuorenkoski et al., 1973), prenatal growth retarda- 
tion (Vuorenkoski et a/., 1972), and in the absence 
of auditory feedback due to deafness (Elliott and 
Niemoeller, 1970; Mártony 1971). 

This report describes the changes in pitch from 
childhood through puberty to adulthood, and the 
effects on pitch of some types of growth retardation, 
delayed pubertal development, and androgen treat- 
ment. Several techniques have been used for measur- 
ing the SFF (Luchsinger and Arnold, 1965; 
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Schultz-Coulon and Arndt, 1972); the most advanced 
is an automated computerised method (Vuorenkoski 
et al., 1972; Hollien and Jackson, 1973). However, 
none of these techniques is suitable for routine 
clinical use. We report here a new, simple, and quick 
method which makes use of a small electronic device 
designed for developing an appropriate SFF in deaf 
children (Fig. 1; Mártony, 1972). 


Subjects 


Normal series. A total of 414 measurements were 
made on 374 healthy subjects aged 6-40 years, 178 
males and 196 females (Table). The children and 
adolescents were studied in kindergartens and 
schools. The adult males were medical students and 
physicians. For adult females, members of a choir 
were chosen to obtain a better range of the female 
voice. The subjects were classed according to sex, 
and age or stage of pubic hair (PH) development 
(Tanner, 1962) (see Table). PH stages were used 
because they reflect the androgenic action, which 
also determines the pubertal voice change. 

Only one measurement was made on each subject 
except in a group of 20 males who were tested at 11 - 7— 
13-5 years, and then 1:0 year and 1:5 years later 


201 


202 


(Fig. 2). At the first recording 18 of them were at 
PH stage 1 (Table), 16 being at genital stage 2-3, 
and 2 at stage 1 (Tanner, 1962). A group of 20 girls 
were also tested at 11:7-13-5 years and 1-0 year 
later (Fig. 2). At the first recording 9 were at PH 
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between growth retardation and SFF, one or more 
measurements were made on 82 abnormally short 
children (height >2 SD below the mean for age) 
aged 6-12 years. 28 of them (22 girls) had a pre- 
natal growth disorder; 7 (4 girls) were cases of 


stage 1 (Table). In some cases the PH stage had not — Mulibrey nanism (Perheentupa et al., 1973), 12 were 
changed between recordings; the mean of the two 


values was then used for the statistics in the Table. 


Abnormal series. This series included 141 patients 
seen at the endocrine clinic. To study the relation 





(b) 





Fig. 1 (a) Instrument for measuring speaking fundamental 
frequency. 


(b) The contact microphone is applied to the throat below 
the larynx. 


Table Speaking fundamental frequency (SFF) and lowest frequency (LF) of normal subjects according to sex and age 
or maturity (pubic hair stages 1—5 during puberty) (means +- SD). 














Boys Girls 
Group n Age (yr) LF (Hz) SFF (Hz) n Age (yr) LF (Hz) SFF (Hz) 
5 year eld 38 6.4 0:3 234 + 22 261 + 20 22 6.5 + 0.3 230 + 23 256 + 16 
3 year old 28 8.2 + 0.4 2 + 19 259 + 20 32 8-2 + 0-4 M 17 253 + 14 
10 year old 32 10:5 + 0-2 23 + 23 - + 22 28 10.6 + 0-2 1218 + 20 252 + 17 
FH 1 18 12-6 + 0-4 210 + 16 240 + 16 9 12-3 + 0-2 202 + 29 73 + 22 
2 14 13-7 + 0-6 189 + 24 216 + 26 14 13-3 + 0-6 *205 + 19 1239 + 15 
3 13 13-9 + 0-5 154 + 43 iu + 44 19 13-2+0-8 1203 + 23 1237 + 20 
4 9 14-0 + 0-4 {12 + 24 i5 + 23 21 14-8 + 1:1 si + 19 m T1 
^ 30 17-8 + 0-7 90 L3 100 = a 30 17-6 + 0-4 iti d 1213 + 15 
Adults 
Tenor and bass 20 25.5 + 4-1 89 + 5 101 + 9 
Soprano 18 30.3 4- 7.5 ris + 19 1208 + 24 
H T 
Alto 19 31:8 + 6-7 1146 - 8 1187 + 9 


TT Ta SCARPE INC EEE T T Ne 
Statistical significance of differences is denoted by *P —0.05 and tP —0-01 between the lines for differences between groups above and below, 
end in front of a mean for female groups for differences from the corresponding male group. 


girls with Turner’s syndrome, and 9 (6 girls) mis- 
cellaneous cases unclassified except for a 6-year-old 
boy who had a 46,XY,r15 karyotype. 12 (3 girls) 
children had congenital growth hormone deficiency ; 
of the boys, 1 also lacked thyroid stimulating 
hormone (TSH) and ACTH, and another lacked 
TSH. 42 (10 girls) were cases of familial short stature 
and/or delayed maturation. 

In addition, the effect of androgen treatment on 
voice was studied in two groups of pubertal age. 
38 girls with Turner’s syndrome, aged 11-18 years, 
were tested before and/or after fluoxymesterone 
treatment, given at the time of the measurements in 
the dosage of 0:03-0-3 mg/kg, mean 0:11 mg/kg 
(dose increasing with age), daily for a period of 0:3 
to 3-3 years to accelerate growth. 48 boys, aged 
12-17 years, with delayed growth and maturation 
(lag in bone age 2:72-0:8 years, mean +SD) were 
tested before and/or after fluoxymesterone treatment, 
given in a dose of 0:06-0-26 mg/kg (dose increasing 
with age) daily for 0-3 to 1-7 years to hasten growth 
and maturation. 31 (23 at stage PH 1 and 8 at PH 2) 
were tested before the treatment. After treatment 17 
boys were tested at stage PH 1, 25 at PH 2, 29 at 
PH 3, and 15 at PH 4. 2 boys at stage PH 1 and 
3 boys at PH 2 had been off treatment for 0-4-0-6 
years, and 13 boys each at PH 3 and PH 4 had been 
off treatment for 0:4-1 :7 years. 


Methods 


SEF was measured with two different methods. In 
all the subjects measurements were made with the 
SFF indicator shown in Fig. 1 (made by AB Special 
Instrument, Stockholm). The contact microphone 
of the indicator is applied to the throat below the 
larynx, and during phonation à pointer indicates the 
fundamental frequency in the range 0-550 Hz. In 
practice the reading is accurate to the nearest 5 Hz. 
During speech the pauses, stops, voiceless con- 
sonants, and intonation cause the readings to 
fluctuate. Thus, for an exact reading, long vowels are 
required. In the beginning we asked the subject to 
say long vowels in a natural speaking voice. When, 
as was usual, the readings obtained during these 
different sounds varied less than +10 Hz of the 
value, this value was recorded as the SFF. 

With some children, however, as seen in Fig. 4, the 
readings obtained in this manner at different times 
were variable. It was difficult to elicit a natural 
speaking voice because of excitement, low intelli- 
gence, or other reasons. We therefore asked the sub- 
ject to say a standard sentence containing long vowels, 
making sure that he or she was relaxed and speaking 
in a natural voice. With this method reproducibility 
improved from the values given in Results. 
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We next asked the subject to glide the voice as low 
as possible for measurement of the lowest frequency 
(LF), and finally to glide as high as possible. The 
frequency of a voice break, if present, was thereby 
noted, and also the highest frequency (HF), usually 
2255530 HZ. 

The reproducibility of the measurement was 
assessed with the following ‘blind’ methods. (a) One 
of us (V.V.) repeated the measurement in 60 normal 
6 year olds after 3 weeks. (b) 3 of us (H.L.L., LR, 
V.V.) separately on the same day tested 37 patients 
with different types of growth retardation. To 
validate the results obtained with the SFF indicator, 
a comparison was made with a more complex 
method. The group of 60 normal 10 year olds read 
into a tape recorder the first passage (30-40 s) of the 
tale ‘The Princess and the Pea’ (Andersen, 1835). 
The recordings were analysed at the Speech Trans- 
mission Laboratory with an automated computerised 
method (Vuorenkoski et al., 1972). 


Results 


Reproducibility of analysis with SFF indicator. In the 
second analysis of 60 children the mean (+SD) 
difference from the first analysis was 2:1--5:4 Hz 
for SFF and 1:6+6.8 Hz for LF. The differences 
between the readings obtained by the 3 investigators 
varied between 1:5+9.2 Hz and 2:2+13-°6 Hz 
and were not significant. 


Comparison of SFF indicator and computerised 
methods. The mean (-+-SD) difference between the 
SEF values obtained from 60 children with the 
two methods was 2:0--11:2 Hz, not significant. 


Normal children before puberty (Table, Fig. 2). 
Children aged 6, 8, and 10 years were compared. 
Among the boys a significant difference was observed 
in SFF between the 8 and 10 year olds, while in LF 
all three groups were significantly different. Among 
the girls the only significant difference was in LF 
between the youngest and the next older group. 
HF was 7550 Hz in all the boys and girls, and none 
had a voice break. Two significant sex differences 
were observed: LF was lower in the boys at 10 years, 
and in all age groups the dispersion of SFF was 
wider in the boys. 


Normal subjects’during puberty (Table, Figs. 2, 3). 
Among the boys there was a continuous and steady 
lowering of both SFF and LF parallel to the PH 
stage. Between every two consecutive stages the 
difference was significant. A voice break was recorded 
in 2 of the 14 boys at PH2, in 7 of 13 at PH3, and 
in all the boys at PH 4 and 5. The mean level of 
the voice break was 240 Hz (range 170-350 Hz). HF 
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Fig. 2 Development of speaking fundamental frequency 
(SFF) and lowest frequency (LF) in males and females. 
Means + SDs are indicated. For adult females, values 
for soprano and alto groups are given separately. 


was 2550 Hz in all boys at various PH stages 
except for 15 who were unable or refused to glide 
above the break level, and for 6 boys at PH stage 5 
who reached an HF value of 400—500 Hz. Fig. 3 
shows a steady but gradual change during PH 
development. Índividual boys tended to maintain 
their relative positions in the distribution throughout 
puberty. 

In the girls there was also a significant lowering of 
voice. A decrease was evident in both SFF and LF 
in our 12-year-old (PH 1) group, i.e. at the earliest 
pubertal stage before the appearance of PH. Then 
there was no further change until after PH 3. The 
HF remained 7550 Hz throughout, and none of the 
girls had a voice break. Of the girls who were tested 
repeatedly, surprisingly few had a distinct lowering 
of the voice (Fig. 3). À significant sex difference was 
present at all stages except PH 1 both in SFF and LF. 
At PH 2-4 the dispersion was markedly wider in the 
males. 


Normal adults. In the group of 20 adult males (no 
tenor/bass distinction was made) the voice was not 
lower than in the last pubertal group and the disper- 
sion was narrow. A clear voice break was observed 
in all the subjects, with a mean level of 240 Hz 
(range 180-300 Hz) HF was >500 Hz in all. For 
the adult females with soprano voices, SFF was not 
significantly lower than in the last pubertal group, 
but in the LF there was a highly significant difference, 
perhaps because the adult females were a selected 
group of singers with some training. The altos had 





PH 1 PH2 


PH3 PHA 
Fig.3 A longitudinal study of pubertal change in 


speaking fundamental frequency (SFF) and lowest 
frequency (LF) in a group of boys and giris. 


significantly lower SFF and LF values than the 
sopranos and the PH 5 group, suggesting that the 
pubertal voice change is greater in some females 
than in others, but only a longitudinal study could 
show whether this is the case. 


Abnormally short children (Fig. 4). The clinical 
impression was that a high-pitched voice was 
characteristic of Mulibrey nanism (Perheentupa ef 
al., 1970) and this was later confirmed with measure- 
ments (Vuorenkoski et al., 1972). According to our 
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the Turner's syndrome group). 
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observations, however, the pitch is not constantly 
abnormal. While most Mulibrey children had an 
SFF at or above the upper limit of the normal range, 
some voices were below the mean for age. 

The girls with Turner’s syndrome tended to have 
voices of higher than normal pitch (P <0-05, Fig. 6). 
The readings for some of the girls were variable; the 
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most extreme case (Fig. 4) being a girl with border- 
line intelligence. 

In the miscellaneous group of prenatal growth 
failure, 2 children had abnormally high SFF values. 
The highest voice was in the boy with the karyotype 
46,XY,r15, who had the severest growth failure of 
the series (height 6 SD below the mean for age). 
The other abnormal voice was of a girl with multiple 
minor malformations. 

Of the Aypopituitary children, the youngest ones 
mostly had high voices, but some of the older ones 
had borderline low pitch for bone age, though not 
for age. The 2 boys with TSH deficiency did not 
differ from the others. 

Most of the children with familial short stature 
and/or delayed growth had SFF values below the 
mean for bone age. For the total group of 25 delayed 
boys at PH stage 1 and bone age >10 years (Fig. 6, 


notshown in Fig. 4), the difference from normal boys 


at the same stage was significant (P <0-005). At 
PH stage 2 no such difference was present. 


Androgen treatment. The very rapid effect of strong 
testosterone treatment on the voice is illustrated by 
Case 1 (Fig. 5). The sensitivity of the female voice 
to small doses of androgen is shown by Cases 2 and 3 
(Fig. 5). Both had distinct lowering of the voice 
without the appearance of acne or clitoral enlarge- 
ment. A gradual lowering of SFF, as occurred in 
Case 3, will not be heard by the unaided ear before 
the change is permanent. 

In contrast to girls with untreated Turner's 
syndrome, those treated with fluoxymesterone had 
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as a group highly significantly lower SFF values than 
normal girls at the same PH stages (Fig. 6) because 
of too large doses of fluoxymesterone. This observa- 
tion was made when the SFF indicator became 
available to us. Since then we have given 0-1 mg/kg 
or less daily to these girls; with this dosage the voice 
has remained unaffected. ; 

The boys with delayed growth and maturation 
treated with similar small doses of fluoxymesterone 
tended to have significantly lower SFFs at stages 
PH 1 and PH 2 than the reference boys at the same 
stages (Fig. 6). However, the delayed boys of this 
group were not significantly different from delayed 
boys who were untreated. At stage PH 4 the delayed 
boys may have had voices that were higher than 
normal. 


Discussion 


Methodology. The ideal method for measurement.of 
pitch is probably a computerised analysis of speech 
in a spontaneous situation. But until such a method 
is available to the clinician, use of the SFF indicator 
can be recommended. The results obtained with this 
instrument do not differ systematically from those 
obtained with a computerised method. A drawback 
of the indicator measurement is that its precision is 
rather low and in some subjects the readings fluctuate. 
About half of the variation observed for some age 
groups seems to be due to the method. Part of the low 
precision is caused by the unnatural testing situation, 
a problem which will dimmish with accumulating 
experience of the observer. 
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delayed growth and 
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ROI k " (PH) stage, before and 
after treatment with an 
j androgen, fluoxymes- 
p<005 ferone. Significant 
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the figure. Bars indicate 
mean 4- SEM. 


Normal development of pitch. The development of 
SFF before puberty was described in a cross- 
sectional study of 84 subjects, 3- to 13-year-old 
children or adults, from the St. Louis area by 
Eguchi and Hirsch (1969). They found a fall in the 
mean SFF, for the sexes combined, from 298 to 
262 Hz between the ages of 3 and 7 years, but a 
further fall only after the age of 10 years. Interestingly, 
our data shows a significant sex difference before 
puberty: a lowering of both SFF and LF between 8 
and 19 years in boys, in contrast to girls. This 
difference has not been reported by previous workers 
(Eguchi and Hirsch, 1969; Oordt and Drost, 1963). 
With regard to the absolute SFF values, ours were 
slightly lower than those of Eguchi and Hirsch; in 
general there was also good agreement with data 
published for children of isolated age groups 
(Fairbanks et al., 1949a, b; Duffy, 1958; Naidr et al., 
1965; Michel et al., 1966; Hollien and Malcik, 1967; 
Weinberg and Zlatin, 1970; Chevrie-Muller, 1971). 
The reasons for the differences are presumably partly 
methodological, partly racial, linguistic, and cultural. 

In most previous studies of the male pubertal voice 
change a serious shortcoming was that the deepening 
was correlated with chronological age only, and not 
with the stage of pubertal development. Yet the age 
range at the onset of puberty is as wide as the mean 
duration of pubertal somatic maturation, and 
consequently at certain ages the full scale of maturity 
is present (Tanner, 1975). As expected, a better 
correlation exists between the male voice change 
and bone age than between the voice change and age 
(Andersen, 1968). Tanner (1962) states that 'the 
male voice begins to deepen perceptibly during the 
period when the development of the penis is nearing 
completion', and *gradualness makes voice deepening 
of little use for adolescence ratings'. We needed to 
confirm that the gradualness was not simply an 
apparent but erroneous result of the cross-sectional 
technique of study. Naidr et al. (1965) followed the 
voice, height, and laryngeal size in 100 boys from 
11 to 15 years of age. Although pubertal stages were 
not recorded in this study, they concluded that the 
principal change in voice coincided with the greatest 
increase in height but was somewhat in advance of 
the increase in the size of the larynx. 

Our findings confirm that the decrease in SFF does 
indeed occur gradually as correlated with the PH 
stages. Although the mean LF began to decrease 
earlier than the mean SFF, the greatest change 
occurred later in the mean LF (between PH 3 and 4) 
than in the mean SFF (between PH 2 and 3). In 
contrast to previous data, mature SFF and LF were 
already reached by our group aged 17:8 years. In 
our males the mature SFF was lower than in any 
other reports, 100 vs 120-133 Hz (for review, see 
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Hollien and Jackson, 1973). This is probably a real 
difference, associated with race, language, and 
culture. 

Voice change also occurs in girls during puberty 
(Hollien and Paul, 1969). Notably, our data suggest 
that this change takes place in two steps: first early 
in puberty before the appearance of pubic hair, and 
then later after PH stage 3. The SFF values of our 
oldest pubertal group do not differ from those 
previously published for this stage (for review, see 
Hollien and Paul, 1969). According to Hollien and 
Paul, the adult female voice reaches stability during 
the immediate postpubertal period. Our finding of a 
significantly lowered LF in the adult groups must 
not be taken as evidence against that finding, 
because our female adult group were selected. The 
chronological, and possibly endocrinological and 
genetic, basis of the difference between soprano and 
alto voices would be an interesting, though difficult, 
subject to study. 


Clinical value of pitch measurements. As pointed out 
by Tanner (1962), single measurements of pitch are 
of limited value in attempts to define the develop- 
mental stage of an individual because the voice 
change is gradual. However, these measurements 
do offer a useful additional parameter for following 
the development of an individual, normal or abnor- 
mal. Several workers have reported that the sensitivity 
of the female voice organ to androgen treatment, 
though individually variable, is higher than the 
sensitivity of other end organs (Timonen et al., 1962; 
Bauer, 1963, 1968; Pfalz, 1967). The greatest clinical 
value of the measurement of SFF is probably in 
guarding against an undesired voice change during 
such treatment. Androgens form part of the physio- 
logical substitution therapy of females with ACTH 
deficiency, with adrenocortical failure and, perhaps 
with ovarian failure. Although the treatment is a 
matter of debate, androgens are used to promote 
growth in girls with Turner's syndrome (Perheentupa 
et al., 1974). In our experience the voice is more 
sensitive to androgens than, for example, the skin 
or clitoris in these girls, and an irreparable voice 
change may be produced insidiously. We have made 
it a rule that every girl treated with androgens is to 
be followed with regular measurements of pitch. 
Pitch measurement is an additional tool in the 
characterisation of growth failure and malformation 
syndromes. Voice abnormality is present in many of 
these conditions, and presumably has a variable 
basis: deviation in the size, spatial organisation, 
tissue structure or consistency, or differing develop- 
ment of the musculature etc. of the speech organ. 
A high pitch seems to be a frequent, though 
not constant, feature of prenatal growth failure 
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syndromes. It is one of the qualities typical of the 
voice in Mulibrey nanism (Perheentupa et al., 1970, 
1973, 1975; Vuorenkoski et al., 1972). Young girls 
with Turner's syndrome tend to have high pitched 
voices, but no other unusual feature of the voice is 
typical. Our observation that young children with 
growth hormone deficiency (even for bane age) have 
a high voice pitch is expected, but we cannot account 
for the apparent normalisation of pitch in the older 
children of this group. 

In boys with delayed growth and maturation the 
voice at PH stage 1 was like that of normal boys at 
PH stage 2, and notably the low pitch seemed to be a 
characteristic of this group even before puberty 
began. But an effort to correct the difference in voice 
maturity from other boys their age is not a tenable 
explanation for this observation. 
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Renal scarring and vesicoureteric reflux 


K. J. SHAH, D. G. ROBINS,* AND R. H. R. WHITE 
From the Departments of Diagnostic Radiology and Nephrology, Children's Hospital, Birmingham . 


SUMMARY A review of 105 childrea with urinary tract infection showed an increasing prevalence of 
grades II-III vesicoureteric reflux with diminishing age. During infancy reflux was almost always 
severe, and affected boys as often zs girls. Radiologically scarred kidneys were drained by refluxing 
ureters in 98 7/ of cases. The prevalence of scars also rose significantly with increasingly severe reflux. 
Deterioration of existing scars or new scar formation was seen in 15 children; 18 out of 20 affected 
kidneys (90 %) were associated with grade III vesicoureteric reflux. 2 out of 5 children who developed 
new scars did so after 5 years of age. 

Because severe reflux may occasionally be seen in the presence of a normal intravenous urogram, 
and since the finding of grades M-II vesicoureteric reflux is an indication for chemoprophylaxis, we 
consider cystourethrography essential in children of all ages with recurrent urinary tract infection. 
In children under 5 years the increased prevalence of both severe reflux and renal scarring are 


arguments for regarding cystourethrography as a necessary initial investigation. 


Although bacteriuria and vesicoureter:c reflux (YUR) 
are both common in childhood, their relative roles in 
the aetiology of renal scarring rema:n to be deter- 
mined. Similarly the comparative value of long-term 
prophylactic chemotherapy and antireflux surgery in 
the management of VUR has noi been clearly 
defined. As a preliminary to designing a controlled 
trial comparing surgery with conservative manage- 
ment of severe VUR, we carried out a retrospective 
study of children diagnosed as having urinary tract 
infection (UTI) and currently attending the Renal 
Clinic at Birmingham Children's Hospital. Our 
fndings confirm statistically the observations of 
other workers (MacGregor and Freeman, 1975; 
Smellie et al., 1975) that there is a striking relation- 
ship between the incidence of renal scarring and the 
severity of VUR, and also throw further light on the 
reputedly rare appearance of new renal scars in 
patients while under observation. 


Patients and methods 


The case records and radiographs of all children who 
attended the renal clinic during 1974 with recently 
diagnosed or previous UTI have been reviewed. 
Children with neurological disorders affecting 
bladder function, e.g. spina bifida, were excluded, as 
were those with anatomical urinary tract malforma- 
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tions, including all duplex anomalies, leaving 105 
patients for the present analysis. | 

All patients were followed up for periods of up to 
12 years, midstream urine specimens being examined 
microscopically at clinic attendance and cultured 
when indicated, as described by Robins et al. (1975). 
While in most cases the diagnosis of UTI was based 
on the finding of 2105/ml pathogenic micro- 
organisms on culture of two fresh midstream urine 
specimens, or growth from urine aspirated supra- 
pubically, a small number of earlier cases had been 
diagnosed on less stringent criteria. 

All excretory urogram (IVU) examinations were 
reviewed ; in each case the renal length was measured . 
and the presence of renal scars, pelvicalyceal and 
ureteric dilatation and striations (Astley, 1971) were 
noted. We defined a radiologically demonstrable 
renal scar as loss of parenchymal thickness asso- 
ciated with distortion (‘clubbing’) of one or more 
underlying calyces, with or without irregularity of the 
renal outline. Thus, mere distension of calyces, with 
preservation of acute forniceal angles and no loss of 
parenchymal thickness, was not considered to 
indicate a scar. Deterioration of an existing scar was 
defined as further parenchymal thinning with or 
without increased distortion of the underlying 
calyces, or extension of the scar to previously normal 
kidney tissue. Cystourethrogram (CUG) films were. 
also reviewed and the severity of VUR graded as 
shown in Table 1. No instance of intrarenal reflux 
(Rolleston et al., 1974) was seen. 
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Table 1 Severity grading of vesicoureteric reflux (VUR) 

a eee —————————— 

Grade Radiological features 

I Reflux on filling or micturition, into the ureter only 

H Reflux on filling or micturition, up to the pelvicalyceal 
system, but without distension 

IH Reflux on filling or micturition, up to the pelvicalyceal 


system, and distending it 





Table 2 Grade of VUR related to age at diagnosis, and 
the sex of 105 children with UTI 


———————————— 07 


Age at diagnosis and sex 








Grade No. of « 1 yr 1-5 yr = 6yr 
of VUR children M F M F M F 
Ht 32 5 3 4 9 1 10 
II 8 l 1 3 | 2 
I 15 1 7 2 5 
None 33 3 6 2 22 
No CUG 17 3 6 8 
All VUR 55 5 4 6 19 4 17 
Total 105 5 4 12 31 6 47 
2 ee 
Results 


In Table 2 the incidence of VUR and its severity are 
related to the age when it was diagnosed and the sex 
of the 105 children. Each child is classified according 
to the maximal VUR shown in either ureter on any 
occasion. Although there were more than twice as 
many girls as boys with VUR, the female pre- 
ponderance was not apparent during infancy. More- 
over, the proportion of children exhibiting grades 
II-III VUR increased with diminishing age, the 
majority of infants being severely affected. 

In Table 3 the incidence of scarring in 210 kidneys 
is related to the maximal grade of VUR shown in the 
ureters draining them. Since on theoretical grounds 
grades II-III VUR are more likely to be causally 
related to renal scarring than grade I VUR or none, 
we analysed grades II-III statistically as a single group, 


Table 3 Grade of VUR related to incidence of renal 
scarring in 210 kidneys 


——————3977UUMUHUMMM87 


No. of kidneys* 





Grade of VUR Total Scarred (95) 
O OOOO ImImImmmmmmmammaaaaacacacaamaaassaso— 
III 47 37 (79) 
II 13 5 (38) 
I 30 6 (20) 
None: 
unilaterally 20 0 (0) 
bilaterally 66 1 (1:5) 
No CUG 34 o (0) 


———L P ——— ————— ——M» 


* Significance tests 

None viv (H IID:z?(v = 2) = 84:45; P —0-001 
(None + D » (II + IID:3(v = 1) = 77:39; P —0-001 
II v III: X2(v =1) = 6:06; P<0-025 
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and this yielded the highest x? values, though there 
was also a significant difference between grades II 
and III. Thus, although scars were seen with all 
grades of VUR, and in one instance where this was 
absent, the prevalence of scars rose significantly with 
increasingly severe VUR. 

Details of 15 patients in whom existing scars 
deteriorated or new ones formed during follow-up 
are shown in Table 4. In Cases 7-10, who included 2 


Table 4 Renal scar deterioration and new scar formation 
during follow-up 


al 





Age at Age at 

Case diagnosis deterioration Grade of Recurrence of 
no. Sex (yr) (yr) VUR bacteriuria 
Scars initially present which deteriorated 

1 F 7-0 9-3 IH Confirmed 

2 F 9-0 11-2 IH No 

3 F 3°2 4-3 Ill Confirmed 

4 M 2:1 5-9 IH No 

5 M 7-2 10-3 IH No 

6 F 5*1 7-5 I Confirmed 
Possible scars which later became definite 

7 F 3-5 4-5 IH No 

8* M 0-1 1-9 Ill es 

9 F 3-2 5-1 IH 
10* M 0-1 1-5 Ill 
New scars observed at subsequent IVU 
11 F 5-4 9-2 H Confirmed 
12* F 4-1 6-5 IH No 
13* F 3.6 7.8 IH Probable 
14* F 2-6 5-9 Ill No 
15 F 1:3 9-2 IH Confirmed 


——————————— 


*Bilateral scarring and VUR., 


infants with ‘gassy’ abdomens at the time of IVU 
examination, we could not be certain whether scars 
were present initially, and these are shown as a 
separate group. In all 15 patients this deterioration 
had occurred by the time of the next IVU, and in 18 
out of the 20 affected kidneys (90%) the draining 
ureter exhibited grade III VUR. UTI had been 
diagnosed in all the children at the time of presenta- 
tion but, since most were subsequently maintained on 
chemoprophylaxis, only 5 had further episodes of 
confirmed bacteriuria before the radiologically 
observed deterioration. 


Case reports 


The case histories of 5 children (Cases 11-15, Table 
4) in whom scars developed in eight previously 
unscarred kidneys are given, since this phenomenon 
is reputedly a rare occurrence (Blank, 1973; Smellie 
and Normand, 1975). 


Case 11. A girl aged 5 years presented with left loin 
pain and fever. Diagnosis of UTI was confirmed and 
initial IVU (Fig. 1) was normal. 6 months later a 
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CUG showed grade II VUR on the eft side. Clinic 
attendance was irregular and she had four recur- 
rences of UTI during the next 3 years. Repeat IVU at 
age 9 showed marked parenchymal :hinning at the 
left upper pole and clubbing of -he underlying 
calyces (Fig. 2), while CUG showed persistent grade 
II VUR on the left side. The right side remained 
normal throughout. 


Case 12. A 4-year-old girl was found to have UTI 
when investigated for 2 years’ history of anorexia and 
lethargy. IVU showed normal appearances, but her 





CUG showed bilateral grade III VUR. A fter initia 
treatment she received continuous chemotherapy, 
without demonstrable recurrence of UTI. 2 years 
later focal scarring with associated calyceal dilatation 
was seen at both upper poles. Although 7 years later 
there had been no further scarring, renal growth 
remained poor and bilateral grade III VUR per- 
sisted. 


Case 13. A 7-year-old girl was referred in chronic 
renal failure and found to have shrunken kidneys. 
CUG (Fig. 3) showed bilateral grade IH VUR, with 


Fig. 1 Case 11. IKU. 1971. 
(a) Full-length, (b) cross- 
kidneys, (c) tracing of (b). 
Regular renal outlines, without 
scarring. Note the splenic 
impression on the left kidney, 
The pelvicalyceal systems are 
normal and the ureters 
undilated. 
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Fig. 2. Case 11. IVU, 1975. (a) Radiograph and (b) tracing. Marked parenchymal loss at the left upper pole, with 
clubbing of the underlying calyces. Normal right side. 





Fig. 3 Case 13. CUG, 1974. Bilateral grade III VUR on 
filling, shown here, and increasing on micturition. 
Although the ureters are grossly dilated and tortuous 

and the bladder of large capacity, the latter emptied 
completely on voiding. 


grossly dilated, tortuous ureters, suggesting that the 
reflux was longstanding. Normal ureteric peristalsis 
was observed on screening. Despite the large capacity 
of the bladder, it emptied completely and there was 
no evidence of neurological or obstructive lesions. 
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4 years previously an IVU carried out because of 
recurrent UTI was reported normal; review of the 
films showed no abnormality (Fig. 4). At that time 
CUG was not performed. Renal function continued 
to deteriorate and she received a cadaveric transplant 
2 years later. 


Case 14. Investigations for failure to thrive showed 
UTI in a 2-year-old girl. IVU showed slight general- 
ised calyceal dilatation without scarring, and the 
CUG bilateral grade III VUR. Infection did not 
recur, but the next IVU, just before her sixth birth- 
day, showed scarring at both upper poles, with 
marked calyceal clubbing and pelvic striation. 2 years 
later there was no further deterioration but bilateral 
grade III VUR had persisted and there was no renal 
growth. 


Case 15. A 7-year-old girl was referred with a history 
of recurrent UTI treated by her general practitioner. 
Initial radiological examinations showed minimal 
dilatation of one of the right lower group of calyces 
without loss of renal parenchyma, and bilateral 
grade III VUR. Bacteriuria recurred 5 months later, 
but for the next 6 years she received continuous 
chemotherapy with no recurrence. Increased calyceal 
dilatation and lower pole scarring was present on the 
IVU carried out 20 months later. Subsequent radio- 
logical examinations showed no further scarring and 
satisfactory renal growth, while the VUR, although 
still bilateral, diminished in severity to grade I. 


Discussion 


Our findings agree with the well-established relation- 
ship between bacteriuria, reflux, and renal scarring 
(Smellie et al., 1964, 1975). The correlation between 
VUR and scarring in our series is highly significant; 
98% of damaged kidneys were drained by refluxing 
ureters. As others have reported (MacGregor and 
Freeman, 1975; McLachlan et al., 1975; Smellie et al., 
1975), the prevalence of scarring rises with increas- 
ingly severe reflux. Moreover, 90% of kidneys in 
which new scars developed or existing ones deterio- 
rated were associated with grade III VUR. Bailey 
(1973) introduced the term ‘reflux nephropathy' for 
this association between VUR and renal scarring, 
removing the emphasis from infection as the 
primary cause of the scarring. 

Although all the children whom we studied 
originally had infection and many experienced 
recurrences, it is noteworthy that only one-third of 
those showing scar formation or deterioration had 
demonstrable reinfection during the observation 
period. While this might be construed as indicating 
that VUR can cause renal damage in the absence of 
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bacteriuria, it must be appreciated that the radio- 
logically apparent scar is a late manifestation of 
renal injury, and the finding of normal kidneys on 
IVU does not eliminate the possibility that the 
scarring process has already been initiated (Scott, 
1975) as a result of previous infection associated with 
reflux. Although sterile reflux has been shown 
experimentally to cause renal damage in pigs (Hod- 
son et al, 1975), the mechanism was one of partial 
urethral obstruction, whereas in the children we have 
studied there was free bladder drainage. Moreover, 
in considerable experience of urological radiology in 
children without UTI (e.g. for recurrent haematuria, 
percutaneous renal biopsy, etc.), we have not seen 
the appearances characteristic of ‘chronic atrophic 
pyelonephritis’ (Hodson and Wilson, 1965). We 
therefore favour the view that infection plays a part 
in the aetiology of human renal scarring. 

In assessing the value of surgical reimplantation of 
the ureter, the natural history of VUR must be taken 
into account. MacGregor and Freeman (1975) 





/ 
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Fig. 4 Case 13. IVU, 1970. (a) Radiograph and 
(b) tracing. Normal appearances, including undilated 
ureters. 


reported complete disappearance in 44% and im- 
provement in a further 14%, while Smellie et al. 
(1975) reported cessation in as many as 80 % after 
prolonged follow-up. This phenomenon might 
explain the occasional renal scarring with minimal or 
no reflux, usually seen in an older child—for example 
Case 6. The effect of continuing, severe reflux on such 
damaged kidneys has not yet been fully assessed. The 
fact that scars can occasionally develop in previously 
normal kidneys suggests that it may, under certain 
circumstances, be harmful. Until this is more fully 
understood, the exact role of surgery in the manage- 
ment of VUR must remain uncertain, but we are now 
conducting a controlled trial in which age-matched 
children with VUR are randomly allocated to 
surgical or conservative management. 

Much recent published evidence has emphasised 
the greater vulnerability of the kidneys to the effects 
of severe VUR during infancy (Rolleston er al., 1970, 
1975) and early childhood (Rolleston et al., 1974; 
MacGregor and Freeman, 1975; Smellie et al., 1975), 
and our findings support this. Community screening 
programmes have been directed mainly at schoolgirls 
(Savage et al., 1973; Asscher et al., 1973; Edwards 
et al., 1975), and only small numbers of preschool 
children have been investigated (Davies et al., 1974; 
Boothman ef al., 1974; Kunin et al., 1976). The study 
of Boothman et al. (1974) suggests that bacteriuria is 


byno means rare in boys under 5 years, in contrast to 
older boys (Kunin et al., 1962; Meadow et al., 1969). 
Moreover, our findings, like those of MacGregor and 
Freeman (1975) and Smellie ez al. (1975), show at 
least as many infant boys as girls with reflux severe 
enough to be potentially damaging. Future screening 
programmes should focus attention on preschool 
children of both sexes. 

It is also apparent that fresh scars may rarely 
develop after the age of 5 years, as illustrated by 
Cases 11 and 14 and as reported by Filly et al. 
(1974), Hugosson ef al. (1976), and Smellie et al. 
(1975). Furthermore, we have on several occasions 
observed normal urographic appearances in the 
presence of grades II-III VUR (Figs 1—4), as did 
McLachlan eż al. (1975). These findings have led us 
to question the management advocated by Bailey 
(1973) and by MacGregor and Freeman (1975), who 
argued that CUG was not indicated in a child over 5 
years of age with UTI and normal kidneys on IVU. 
In our present state of knowledge, the finding of 
grades II-III VUR must indicate continuous chemo- 
prophylaxis coupled with prolonged follow-up to 
protect the renal parenchyma from the potential risk 
of bacterial invasion. Despite its unpleasantness, we 
therefore consider CUG essential, even when the 
IVU is normal, in children of all ages with recurrent 
infections. In the case of children under 5, our finding 
of a higher prevalence of severe reflux, together with 
the acknowledged vulnerability of young kidneys to 
its effects, Is a strong argument for regarding CUG in 
this age group as a necessary initial investigation. 


We are indebted to Dr R Astley and Mr J. J. Corkery 
for encouragement ; to Professor E. G. Knox for help 
with statistical analysis; to the Medical Illustration 
Department for the figures; and Miss R. Mason and 
Miss V. A. Bailey for secretarial assistance. 
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Fat embolism in infancy after intravenous fat infusions 
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St Mary's Hospital, Manchester 


SUMMARY Four cases of fat embolism are described in infants receiving prolonged intravenous 
infusion of fat (Intralipid 20%). This therapeutic complication has been termed ‘fat overloading 
syndrome’ but bears a clinical simi arity to post-traumatic fat embolism. These 4 cases are the first 
to be recorded in infancy, and with histopathological proof of fat embolism. Transient high rates 
of infusion of Intralipid appears to be a factor in the aetiology of the condition. 


Intravenous administration of emulsified lipid to 
supplement the caloric requirements cf infants with 
nutritional deficiencies was used over 40 years ago 
(Holt et al., 1935). It then became an essential com- 
ponent of regimens for the complete parenteral 
nutrition of the sick child (Helfrick and Abelson, 
1944). Clinical situations in which intravenous fat 
emulsions are a useful adjunct to therapy arise most 
frequently outside paediatrics and most published 
reports relate to experience with adult patients. 

Serious adverse reactions are comparatively rare. 
Johnson et al. (1952) reported that the most com- 
mon reaction was a rise in temperature which 
returned to normal within 4 to 8 hours of starting 
the infusion, accompanied occasionally by anorexia, 
nausea, vomiting, diarrhoea, and headache. How- 
ever, these authors were the first te document a 
decreased platelet count and a prolonged bleeding 
time in 4 adults receiving 3 to 4 g fat/kg per day for 
up to 11 days. Subsequently fever, jaundice, and 
hepatomegaly were described in a patient after 
receiving parenteral fat for 25 consecutive days 
(Watkin, 1957), and anaemia, fever, vomiting, and 
abdominal pain were produced in 2 healthy volun- 
teers after 4 weeks of intravenous lipid (Levenson 
et al., 1957). 

The adverse reactions following prolonged intra- 
venous fat therapy came to be known as ‘fat over- 
loading syndrome’, and it was not until 1961 that 
attention was drawn to the clinical similarity of this 
phenomenon to post-traumatic fat embolism (Alex- 
ander and Zieve, 1961). The hyoothesis that 
pulmonary fat embolism might resut from long- 
term parenteral lipid has recently received further 
support from cases reported by Horisberger (1966), 
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Goulon et al. (1974), and Guignier ef al. (1975) 
where a 'snowstorm' appearance of the chest x-ray 
coincided with the clinical symptoms. There has 
been one previous account of this in a 10-year-old 
boy (Fódisch et al., 1972). The 4 cases we report are 
the first observed in infancy and the only cases where 
the presence of pulmonary fat embolism has been 
substantiated by histopathology. 


Case reports 


All 4 infants were treated at this hospital between 
1975 to 1977, and all at some stage during their 
illness received total parenteral nutrition consisting 
of a mixture of 20% Intralipid*, Vamin-glucose*, 
1075 dextrose, electrolytes, and vitamins according 
to the regimen summarised by Panter-Brick (1976). 
Details of the fat intake of the 4 babies are shown 
in the Table. 


Case 1. Born vaginally at 34 weeks' gestation after 
spontaneous onset of labour; birthweight 1-63 kg, 
< 10th centile for gestational age (Milner and 
Richards, 1974). Pregnancy had been complicated 
by pre-eclamptic toxaemia. The baby required 


*Kabi-Vitrum Ltd, Stockholm, Sweden. 


Table Details of intravenous fat Mare 20%) 


administration in 4 patients 
Case il Case2 Case 3. Case4 
fBody weight (kg) 1-65 1-48 2-76 3.13 
Mean rate of fat 

administration (g/kg perh) 0-14 0-15 0-08 0-15 
Total duration of therapy 

(d) 11 14 12 18 
Maximum rate of fat 

administration (g/kg perb) 0-18 0-27 0-51 0-70 


{Mean bodyweight while receiving parental nutrition. 
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intermittent positive pressure ventilation by face 
mask for 3 minutes after birth before respirations 
were established. 

During the first 24 hours total fluid intake was 
90 ml/kg, half of this given as 10% dextrose via a 
peripheral vein infusion, the remainder given as 
milk (SMA Goldcap, Wyeth Ltd) through a naso- 
gastric tube. She became intolerant of milk feeds at 
48 hours, and developed abdominal distension and 
an unstable rectal temperature. Abdominal x-ray 
showed intestinal intramural gas consistent with the 
occurrence of necrotising enterocolitis. Milk feeds 
were stopped and an intravenous solution of 1/5 
isotonic saline in 10°% dextrose at a rate of 120 ml/kg 
per 24 hours increasing to 150 ml/kg on day 4 was 
substituted. Intramuscular penicillin and gentamicin 
were started. The abdominal distension was less 





Fig. 1 


Case 1. Refractile globules of unstained fat 
blocking capillaries in the periphery of the lung. 
(H and E. x 175.) 





marked by the 7th day and the intramural gas was 
no longer visible on abdominal x-ray, but the 
stools had become blood stained. Total parenteral 
nutrition, which included 20% Intralipid was begun 
using a superficial peripheral vein for the infusion 
site. Abdominal distension disappeared by day 14, 
and nasogastric feeds of human milk were intro- 
duced at 1 ml/h increasing to 3 ml/h on day 16. 
On day 17, while still receiving intravenous nutrition 
(150 ml/kg per day), she suddenly suffered a cardiac 
arrest and could not be resuscitated. Intralipid had 
been given for 11 days preceding death. Haemoglobin 
had fallen from 13-8 to 6 g/dl during the previous 2 
days. 

At necropsy the most striking feature was a 
concavity of the right temporal lobe where the 
underlying white matter was softened and atrophic. 
The CSF was xanthochromic. Both pleural cavities 
contained an effusion of turbid yellow fluid and 
numerous petechiae were scattered throughout both 
lungs. Microscopically many intravascular plugs of 
lipid were visible predominantly in the peripheral 
regions of the lungs. On paraffin-blocked tissue 
these plugs often had a bubbly refractile appearance 
(Fig. 1.) Elsewhere, although the capillaries were 
apparently empty, they were unnaturally distended 
and circular for vessels seen after death. That such 
vessels contained fat emboli was shown by specific 
stains for fat on frozen sections prepared from wet 
formalin-fixed tissue (Fig. 2). Many of the alveolae 
contained fat-laden macrophages. No intravascular 
fat was seen in any other organ apart from a single 
vessel within the spleen. Sections of the softened 
area of the temporal lobe confirmed the gross 
impression of an organising infarction. A microglial 


Fig. 2 Case 1. Frozen section of 
lung stained to show fat emboli 
within three capillaries cut 
transversely and one longitudinally. 
Arrows show lipid-laden alveolar 
macrophages. (Oil Red O. x 170.) 
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response and focal calcification was seen but there 
was no evidence of intravascular lipid on frozen 
sections. Microscopically the small intestine dis- 
played an organising peritonitis compatible with 
the clinical impression of a convalescing necrotising 
enterocolitis. 


Case 2. Born vaginally after spontaneous onset of 
latour at 27 weeks’ gestation; birthweight 0:93 kg, 
by extrapolation on the 25th centile for gestational 
age (Miner and Richards, 1974). Intermittent 
vaginal bleeding had occurred during the last week 
of pregnancy. He gasped immediately after birth 
and had a heart rate of 40/min. Spontaneous 
respirations and a heart rate of 140/min were 
established at 5 minutes. 

Intrajejunal milk feeds (SMA Gold Cap, Wyeth 
Ltd.) were started soon after birth and by the Sth 
day he was tolerating 180 ml/kg. Nasogastric feeding 
was gradually substituted during the 3rd and 4th 
week and by the 5th week he was tolerating 200 
ml/kg per day of milk via a nasogastric tube. 

He developed abdominal distension, bile-stained 
vomiting, and passed bloody stools during the 6th 
week. Nasogastric feeding was stopped and total 
parenteral nutrition which included 20% Intralipid 
was begun via a superficial vein. A plain abdominal 
x-ray suggested the presence of mucosal oedema 
in the small bowel and a provisional diagnosis of 
necrotising enterocolitis was made. A pathogenic 
coliform organism (E. coli, O18) was subsequently 
isclated from the stools. The abdominal distension 
improved during the 7th week but he suffered 
several prolonged apnoeic spells that culminated in 
the need for mechanical ventilation. Total parenteral 
nutrition was continued but after several days of 
ventilatory support he developed troublesome 
bleeding from several venepuncture sites and signs 
of circulatory failure. 

He died at 54 days of age having been maintained 
for 14 days on intravenous fluids terminally. 
Necropsy examination showed firm, well localised 
subarachnoid haematomata over both occipital lobes 
and the left parietal region of the kind seen typically 
with disseminated intravascular coagulopathy, and 
a small right-sided intraventricular haemorrhage. 
Numerous petechiae were seen throughout the lungs 
and multiple peripheral fat emboli were identified 
within them microscopically. Fat-laden macrophages 
were present in some of the alveoli. No fat emboli 
were seen in other organs. 


Case 3. Born by caesarean section for fetal distress 
after a term pregnancy. He weighed 3-3 kg and was 
observed to have anorectal agenesis with passage of 
meconium from the urethera. Laparotomy on the 


day after birth showed a high type of rectal atresia 
with a hugely distended colon associated with a 
fistulous communication into the urmary system. 
Both kidneys were enlarged and cystic with a 
hydroureter on the left side. Despite a colostomy, 
intestinal obstruction required resection of gangren- 
ous small bowel on day 4. Intravenous feeding, 
including 20% Intralipid via a superficial vein, was 
begun on day 8. During the next 10 days Hb fell to 
7-7 g/dl and a bowel fistula developed adjacent to 
the abdominal wound. There was excessive loss of 
urinary sodium, and blood urea rose to 16:6 mg/ 
100 ml (2-8 mmol/D. Intravenous feeding was 
stopped 6 days before he died. Parenteral nutrition 
had been given for 12 complete days during a 
16-day period. 

In addition to the renal and intestinal mal- 
formations seen at laparotomy, necropsy examin- 
ation showed a widespread peritonitis and meningitis 
due to E. coli type I. Fat stains showed multiple 
lipid emboli, predominantly in the peripheral 
regions of both lungs. Fat emboli were not seen in 
any other organs. 


Case 4. A male infant weighed 2-9 kg at birth and 
was admitted at 18 days with a history of cyanosis 
during feeding and episodes of abdominal distension. 
He appeared well but had a peripheral cyanosis and 
an apical systolic murmur. An extra digit was 
present on both hands and both feet, with syndactyly 
of the first and second toes of both feet and the third 
and fourth fingers of the left hand. The small bowel 
was minimally distended but he had loose, foul 
smelling stools. Hirschsprung’s disease was sus- 
pected but not confirmed by a rectal punch biopsy. 
The diarrhoea contmued and an episode of abdommal 
distension and pyrexia prompted a laparotomy at 
one month of age. There was no evidence of ob- 
struction, and no biopsy was taken. Intravenous 
feeding which included 20% Intralipid was started 
during the fifth week of life. He continued to have 
episodes of abdominal distension with large gastric 
aspirates and loose stools. A second rectal biopsy 
was seen to be aganglionic and multiple biopsies 
were then taken at a further laparotomy at 2 months 
of age. This showed a long-segment Hirschsprung’s 
disease with a transitional area in the transverse 
colon and a normally innervated ileum. A colostomy 
was performed and intravenous feeding continued, 
but management was complicated by cardiac failure 
and continuing peritoneal sepsis. He died at 13 
weeks having received 18 days of parenteral nutrition 
over a period of 47 days. Intralipid was discontinued 
4 days before death. 

Necropsy showed a generalised but organising 
peritonitis. There was a large atrial septal defect 
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but no other cardiac malformation. Both pleural 
cavities contained yellow fluid and focal haemor- 
rhages were present throughout both lungs. This 
was confirmed microscopically, and numerous 
peripheral lipid emboli and fat laden alveolar 
macrophages were shown. No fat emboli were 
identified outside the lungs. 


Discussion 


Commercial fat emulsions for intravenous nutrition 
consist of vegetable oil, either cottonseed or soya- 
bean oil, emulsified in distilled water with a stabilising 
agent such as phospholipid or lecithin. Intralipid 
20 75 used in the treatment of our cases is composed 
of 200 g soyabean oil stabilised with purified egg- 
yolk phospholipids with 25 g glycerol to obtain 
isotonicity with blood when the whole is made up to 
1000 ml with distilled water. 

Acute toxic effects with modern preparations are 
rare and of little clinical consequence, only 1:7% 
having febrile reactions (Schindel, 1975). Since in 
clinical practice fat emulsions are often given over a 
long period, the adverse effects of prolonged ad- 
ministration are important. Experimental evidence 
indicates that there are considerable biological 
differences between the various emulsions in this 
respect. Wretlind (1972) cites an experiment in 
which a group of dogs received 9 g fat/kg per day 
intravenously for 4 weeks without untoward 
reactions when this was given as Intralipid, whereas 
other commercial emulsions produced severe toxic 
effects. Deaths resulted from fat embolism, internal 
bleeding, and liver damage. Unlike other prepara- 
tions Intralipid infusion does not result in the 
accumulation of fat in the Kupffer cells of the liver, 
and this was confirmed in our study. However, 
Gigon ef al. (1966) have shown that in man Intra- 
lipid is taken up by the endothelial cells of the lung, 
although no aggregation of fat particles was seen. 
It has been alleged (Solassol et al., 1974) that the 
risk of ‘fat overloading syndrome’ is significantly 
less with soyabean oil and egg phospholipid used in 
Intralipid than with cottonseed oil and soyabean 
lecithin. Nevertheless, 2 of the dozen recorded cases 
have appeared to result from Intralipid (Horisberger, 
1966; Guignier et al., 1975). 

The pathogenesis of symptoms from the long- 
term infusion of fat is far from clear. Particles of 
Intralipid 20% have a mean diameter of 0-16 um, 
which lies within the normal range in size of chylo- 
microns (0-096—-0:21 um). Experimental evidence 
indicates that fat particles have to be larger than 
8 um for embolism to occur (Haman and Ragaz, 
1950). Goulon et al. (1974) postulated that this 
might be brought about by the action of an antibody 


directed against the stabilising agent in the emulsion, 
but this is as yet unproven. Disseminated intra- 
vascular coagulopathy, which occurred in one of 
our 4 patients (Case 2), is an important con- 
comitant feature of post-traumatic pulmonary fat 
embolism (Keith e: al., 1971) and it is difficult to 
differentiate clinically between the effects of intra- 
vascular thrombus and intravascular fat. Anaemia 
with bleeding manifestations characterises both post- 
traumatic fat embolism and the fat overloading 
syndrome, although thrombocytopenia was not 
clearly shown in our cases. Recent work suggests 
that platelet function and aggregation are closely 
related to the concentration of lipid in the milieu 
in which they are found (Miettenen, 1974; Shattil 
et al., 1975). 

It is probably not entirely fortuitous that the 
histopathological confirmation that Intralipid was 
capable of forming emboli should occur in infants. 
Most of the previous reported cases of fat over- 
loading syndrome have been in chronically ill 
adults who have recovered completely once the lipid 
infusion was withdrawn. The 2 fatal cases reported 
by Födisch er al. (1972) showed an increase in 
plasma lipid which was sufficiently gross as to be 
detectable at necropsy. Some caution must be 
exercised in equating intravascular lipid post- 
mortem with embolism during life. There is ex- 
perimental evidence that fat globules may coalesce 
within blood vessels after death (Allerdyce, 1971). 
However, in our cases the peripheral distribution of 
emboli entirely within small pulmonary vessels 
which were rounded and distended by their contents 
makes post-mortem artefactual explanation un- 
likely. The presence of lipid-laden macrophages 
within the alveolar spaces also supports the view that 
fat embolism took place at a finite interval before 
death. Even in the absence of demonstrable cerebral 
intravascular fat in Case 1, there was no other 
acceptable explanation for the focus of cerebral 
softening. The histology of the cerebral infarction 
suggested a paradoxical embolism occurring long 
enough before death for intravascular fat to have 
been removed. 

There is no way of accurately estimating the 
incidence of embolism complicating intravenous 
lipid therapy. The situation may be analogous to 
post-traumatic embolism in which there is patho- 
logical evidence that pulmonary fat embolism 
occurs in over 90% of patients with fractures 
though only a small proportion of these will display 
clinical fat embolism syndrome. Diagnosis of this 
syndrome in an otherwise healthy patient is usually 
fairly evident even in the neonatal period (Nicod, 
1938). Difficulty arises when an infant is so pro- 
foundly ill that symptoms produced by the 
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intravenous fat are confused with those of the disease 
being treated, as in 3 infants in this report. One had 
peritonitis, meningitis, and cystic kidneys; another 
died of peritonitis and congenital heart disease; and 
a third had cerebral haemorrhage. Only one (Case 1) 
died unexpectedly. The lack of an obvious explana- 
tion for the termmal collapse, profound drop in Hb 
concentration, pyrexia with a sterile blood culture, 
and focal cerebral softening prompted a more care- 
ful examination of the necropsy material. Having 
demonstrated intravascular lipid, the other 3 cases 
only came to light from a specific search of post- 
mortem material retrospectively. It is notable that 
Intralipid emboli are more refractile in paraffin- 
biocked material than post-traumatic fat emboli 
(Fig. 1) but they are vividly illustrated with fat- 
stained frozen sections (Fig. 2). 

There are good published accounts of post- 
traumatic fat embolism in children (Weisz ef al., 
1973). Weisz et al. (1974) list ten minor signs on 
which to base a diagnosis, keeping in mind children 
on long-term Intralipid infusion: hypoxia, pyrexia; 
tachycardia; anaemia; thrombocytopenia (with or 
without coagulopathy); petechiae; fat excretion in 
urine or sputum; changes in fat metabolism (fat 
macroglobulinaemia, raised serum lipase, lipid 
electrophoretic changes); ‘snowstorm’ chest x-ray 
and neurological abnormalities such as paresis, 
coma, and electroencephalographic changes. Hypox- 
aemia is an early sign and the similarity to idiopathic 
respiratory distress syndrome is well recognised 
(Ashbaugh ef al, 1967; Burgher et al., 1974). 
Diagnosis of fat embolism can only be made with 
certainty during life by the detection of retinal fat 
embolism or from biopsy. Without specific stains. it 
may easily pass unrecognised at necropsy. 

Gustafson et al. (1974) measured plasma lipids in 
low birthweight babies after repeated intravenous 
injections of Intralipid and showed that a dose 
equivalent to 0-15 g fat % kg birthweight per hour 
was well tolerated in preterm babies of appropriate 
weight for gestational age. However, the same dose 
caused an accumulation of lipids in the plasma of 
light-for-dates babies. Wretlmd (1972) recommended 
that for neonates and infants the rate of Intralipid 
infusion should not exceed 0-17 g fat/kg per hour. 
Case 1, a low-birthweight baby who was both pre- 
term and light-for-dates received 0-18 g fat/kg per 
hour during one 20-hour period. The lightest infant 
(Case 2), weighing 1:48 kg, had a maximum of 
0-27 g fat/kg per hour. The 2 term infants (Cases 3, 
4) had transient episodes when the rate of Intralipid 
infusion was three and four times that recommended, 
even though the total daily dose was within normal 
limits (Table). None of the infants had plasma 
turbidity on daily inspection. 


It therefore seems wise to regulate the infusion of 
fat as evenly as is technically possible throughout 
the day. Speeding up the infusion of fat to make up 
a ‘correct’ dose for a given time period should be 
discouraged. Fat overloading syndrome is said to 
respond to high doses of steroids, and heparin may 
facilitate the clearance of lipid (Alexander and 
Zieve, 1961). Low molecular dextran has also been 
used with good effect (Horisberger, 1966). 
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SUMMARY The contractile properties of a large proximal muscle (quadriceps femoris) and a small 
distal muscle (adductor pollicis) have been measured in normal children and children with neuro- 
muscular disorders. The method of stimulating the quadriceps femoris to contract, previously 
evaluated in adults, was found to be acceptable to children. In normal children a number of indices 
of muscle function were found to be similar to those in adults. A small study of the function of the 
adductor pollicis using supramaximal stimulation of the ulnar nerve was carried out in boys with 
Duchenne dystrophy. Decreased contractile force and prolonged relaxation times from a tetanic 
stimulation were noted in both the proximal and distal muscles of the boys with Duchenne dystrophy. 


I: is logical that an objective assessment of muscle 
function should be based on measurements of force 
(Edwards et al., 1977). Although measurements of 
the voluntary strength of muscles in children can be 
simply and reliably made (Hosking et al., 1976), 
there are advantages in being able to assess the 
function of a muscle independently of volition. 
Edwards ef al. (1977) have described studies of 
function of a large proximal muscle group, the 
quadriceps femoris, with electrical stimulation 
through large surface pad electrodes. Similar studies 
were made in a small peripheral muscle, the adductor 
pollicis, using supramaximal stimulation of the 
ulnar nerve at the wrist. We here describe the use of 
these techniques in a group of normal children and a 
group of boys with Duchenne muscular dystrophy. 
Where possible, comparisons are made between the 
results obtained by Edwards er al. (1977) in adults. 


Methods of study 


Normal children. 


Quadriceps. Measurements were made of the force of 
maximum voluntary contractions of the quadriceps 
femoris in 32 normal children between the ages of 4 
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and 12 years. Stimulated contractions enabled mea- 
surements of the 'indices of muscle relaxation' to be 
made in 16 children, and the ‘force-frequency’ 
characteristics in 13. 

The subjects were examined either in a muscle 
testing chair or supine (see below). The chair was 
adjusted so that the subject's popliteal fossae were at 
the edge of the seat when the knee was flexed to 90°. 
The position of the pelvis was fixed with a lap strap. 
Underneath the seat of the chair an inextensible 
webbing strap looped around the subject's ankle and 
passed horizontally backwards to a strain gauge 
fixed to a rigid but adjustable metal mounting 
between the back two legs of the chair (Fig. 1). 
Forces registered by the gauge were recorded, after 
amplification, with an ultraviolet oscillograph. 

For the examination of the supine patient, a strain 
gauge was mounted on a horizontal bar, itself fixed 
between two adjustable stands, thus enabling the bar 
to be raised or lowered. The stands themselves were 
mounted on a board (1:5 x 1:5 m) which was 
placed on the bed or couch on which the subject lay. 
A downward-pointing stirrup, screwed directly into 
the strain gauge, was positioned on the tibial 
tuberosity while a cylinder placed behind the knee 
acted as fulcrum (Fig. 2). 5 children had both types 
of examination performed. 

The measurement of voluntary muscle strength | 
was taken as the best of three attempts. The subject 
was urged to produce the maximum possible effort 
and to maintain the contraction for 2-3 seconds. A 
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Fig. 2 Strain gauge arrangement for supine examination. 
Above is shown an enlarged transverse view. 


rest of approximately 10-15 seconds was given 
between each attempt. 

The electrical stimulation studies were performed 
as described by Edwards ef al. (1977). Two large 
saline-soaked pads, serving as electrodes, were 
bandaged over the vastus lateralis. Subjects varied in 
size but in general approximately one-third of the 
anterolateral aspect of the thigh would be covered by 
these two electrodes. Stimulation was with uni- 
directional square wave pulses of 50 us duration with 
an output voltage of between 20 and 100 volts. This 
procedure was similar to the Faradic stimulation 
technique used by physiotherapists. Small voltages 
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were initially used so that the subject became familiar 
with the ‘feeling’ of electrical stimulation of the 
muscle. Slow increase of the stimulus strength 
enabled the examiner to determine the minimum 
voltage necessary to contract approximately 30% of 
the quadriceps. The studies were conducted in a 
warm, well-ventilated room with parental consent 
and with one parent present. The time taken for the 
tests did not usually exceed 15 minutes and the pro- 
cedure was well tolerated. 


Boys with Duchenne dystrophy. 


Quadriceps. 12 boys with Duchenne dystrophy of 
varying severity, ranging in age from 8-17 years, had 
the examination performed in the muscle testing 
chair. One boy was examined both in the chair and 
while supine. In 3 further boys the studies were 
carried out only in the supine position. 


Adductor pollicis. 5 chair-bound teenage boys with 
Duchenne dystrophy were studied using the method 
of Edwards et al. (1977). This technique is an adapta- 
tion of the techniques of Merton (1954) and Desmedt 
e! al. (1968). A strain gauge was attached to the inter- 
phalangeal joint of the left thumb. The hand was 
secured in supination with the fingers slightly flexed, 
the thumb abducted, and the first metacarpopha- 
langeal and interphalangeal joints both fully ex- 
tended. The ulnar nerve was stimulated at the wrist 
with unidirectional square wave pulses of 50 us 
duration with an output voltage of between 20 and 
60 volts. Stimulus voltage was gradually increased 
until it was established that the nerve was just 
supramaximally stimulated. 

The temperature of small peripheral muscles 
varies greatly according to environmental tempera- 
ture. Before testing the forearm and hand were 
immersed in water at 45°C for 10 minutes. The 
studies performed were similar to those in the legs 
and the time taken was approximately 15 minutes for 
the whole testing procedure. 


Results 


Quadriceps. 


Maximum voluntary contractions. Muscle strength is 
related to the size of an individual and has been 
shown to correlate with body weight (Hosking et al,. 
1976; Edwards et al., 1977). As the quadriceps is a 
weight-bearing muscle, body weight has been used in 
this study as the reference variable. The correlation 
between the maximum voluntary contraction of the 
quadriceps and body weight in the 32 normal 
children examined in the chair is shown in Fig. 3, 
together with the same correlation obtained in adults 
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Fig. 3 Strength of quadriceps femoris measured on 
muscle testing chair. Regression lines for adults, obtained 
by Edwards et al. (1977), and normal children aged 4—11 
years. i 


by Edwards et al. (1977). In the same figure are the 
values obtained when 12 boys with Duchenne 
dystrophy (several of whom were older than the 
normal children) were tested in the same way. The 
correlation coefficient obtained for the normal sub- 
jects in the study (0-6)' is not as high (0-92) as in the 
study of Edwards et al. in which the population 
studied comprised adults and children covering a 
much wider range of body weights. 


Stimulated contractions. 


Relaxation indices. The times from the last stimulus 
for a 5% (SE) and 50% (SFg loss of force after a 
tetanising stimulation at 30 Hz were measured (Fig. 
4). The results for each individual are expressed as a 
mean of three successive stimulations. 

In Table 1 the two relaxation indices are shown in 
normal adults (Edwards et al., 1977), normal child- 
ren, and children with Duchenne dystrophy. From a 
two-tailed ‘t-test’ it is apparent that the time SF, is 
longer in normal children than adults (P<0-05), 
while those for SF; are also significantly different. 
The SF,, and SF, times in the boys with Duchenne 
dystrophy were longer than in the normal children 
(P<0-02 and P<0-05 respectively). 


: Force-frequency characteristics. The force-frequency 
characteristics of the quadriceps were studied with 
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Fig. 4 Relaxation of the quadriceps muscle from 3 
successive 1 s tetani at 30]s. The relaxation 
characteristics in normal muscle and in 3 disease 
states are Illustrated, 


Table 1 Comparison of relaxation indices of quadriceps 
femoris in normal adults, normal children, and boys with 
Duchenne dystrophy 





Boys with 
Normal Normal Duchenne 
adults children dystrophy 
(n = 82) (n = 76) (n » 12) 
Mean SEM Mean SEM Mean SEM 
SFgs (ms) 60:4 0-45 57-4 1:98 67°9 3.55 
SF so (ma) 104-7 1-00 114-3 2-46 128-6 7-06 


SFgs and SFgo* time from last stimulus for a 5%, and 50% loss of 
force, respectively 


brief periods of stimulation at frequencies of 3—100 
Hz. The responses are expressed in relation to the 
force when stimulated at 50 Hz (i.e. force tetanus at 
50 Hz = 100%) as only minimal force increases were 
noted at higher stimulation frequencies. The force- 
frequency curves in adults (Edwards et al., 1977), 
normal children, and children with Duchenne 
dystrophy were similar (Figs. 5 and 6). 

An idea of the ‘force-frequency’ characteristics 
could be simply obtained by comparing the tension 
of an incompletely fused tetanus (stimulating at 
20 Hz) with that obtained when the tetanus was 
completely fused (stimulating at 50 Hz). The ratio 
obtained is referred to as the tetanus 20/tetanus 50 
ratio (TET /TET 9%). Values for the ratio for 
normal adults (Edwards et al, 1977), normal - 
children, and boys with Duchenne dystrophy are 
shown in Table 2. The ratio is higher (P<0-05) 
in the normal children than the adults, but there was 
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Fig.6 Qaadriceps femoris. Comparison between 
forcejfrequency curves of normal children and boys with 
Duchenne dystrophy. 


no significant difference between the normal children 
and those with Duchenne dystrophy. 

Supine examinations were difficult to administer 
and are therefore not recommended for routine use. 
The measuring arrangement was not stable and the 
results lecked consistency on repeated testing when 
comparec to testing on the chair in the same subjects. 
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Table 2 Comparison of TET [TET )% of quadriceps 
femoris in normal adults, normal children, and boys with 


Duchenne dystrophy 


Boys with 
Normal Normal Duchenne 
adults children dystrophy 
(n = 78) (a = 15) (a = 12) 
Mean SEM Mean SEM Mean SEM 
TET4o/IETsg (€) 76:9 0.70 82:0 2:06 81-7 3-23 





TETgq and TET; - force of tetanus at 20 and 50 Hz, respectively. 


Nevertheless the studies carried out in a 24-year-old 
girl with a severe mitochondrial myopathy showed 
that useful information can be obtained with this 
technique in special circumstances. Supramaximal 
stimulation (Fig. 7) of the femoral nerve in this child 
was not painful, probably because of a sensory 
abnormality. uh 


Adductor pollicis. Edwards et al. (1977) have shown 
that the responses obtained on stimulating the 
adductor pollicis were similar to those obtained 
when the same studies were performed on the 
quadriceps. The only difference between indices in 
the two muscles was that the SFs was shorter in 
the adductor pollicis. 
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Fig.7 Force fatigue during contraction of quadriceps 
with supramaximal stimulation of femoral nerve in a 
24-year-old girl: Supramaximal stimulation established by 
showing no increase in force on increasing stimulus 
voltage. Force registered is the maximum force of 
patient’s muscle. 
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In this study the adductor pollicis responses of 5 
boys with Duchenne dystrophy are compared with 
those obtained by Edwards et al. in 10 young adults. 
Severe weakness was found in the hands of the boys 
with dystrophy (Fig. 8). Both indices of relaxation 
(SF,, and SE,)' were prolonged in these boys 
(P« 0-001 in both cases), while the TETo,)/TETs9% 
was lower than in the adults (P<0-005) (Table 3). 
Eu frequency curves in the two groups were 

ar. 


Table 3 Comparison of the responses to electrical 
stimulation of the adductor pollicis in normal adults and 
tzenage boys with Duchenne dystrophy 


Boys with ] 
Normal adults Duchenne ey : 
(n = 10) (n = 5) 
Mean SEM Mean SEM 
SFg5 (ms) $12 1-6 73-4 1-7 
SF (ms) 95.8 3-4 159-3 3-0 
TEYTso/TETgs (96) 73:1 2-8 80-7 0-94 


Discussion 


Most diseases of muscle have predominantly proxi- 
mal distribution. The majority of previous physiolo- 
gical studies of muscle function have been on small 
peripheral muscles in which the motor nerves have 
been accessible to supramaximal stimulation (Mer- 
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Fig. 8 Strength-of adductor pollicis and quadriceps 
Jemoris in normal adults and in boys with Duchenne 
dystrophy. 


ton, 1954; Desmedt ef al, 1968; McComas and 
Thomas, 1968; Sica and McComas, 1971; Burke et 
al., 1974). Such a stimulation of the femoral nerve 
produces a powerful contraction of the quadriceps 
femoris which is normally both uncomfortable and 
not without risk of injury. The technique of Edwards 
et al. (1973), exploiting maximal stimulation of a 
group of local intramuscular branches of the femoral 
nerve, is not accompanied by significant discomfort 
or risk and is capable of quantitating several indices 
of function (Edwards ef al., 1977). This study has 
examined the feasibility in children following the 
development of the techniques of stimulation in 
adults. The results show that normal children have a 
number of indices of function which although not 
identical are very similar to those of adults. 

The maximum contractile force of the quadriceps 
muscle has been taken as the force of a maximum 
voluntary contraction because supramaximal (tetan- 
ic) femoral nerve stimulation is so often painful. In 
this study the force of the stronger leg has been 
recorded. As in the adults the second and third of the 
three contractions gave similar results. A fourth 
contraction was performed if there was a marked 
difference between these values. 

Maximum voluntary contractions of the adductor 
pollicis in the boys with muscular dystrophy were 
difficult because of the contractures involving the 
elbow joints that these boys had. For this reason the 
maximum contractile force of the adductor pollicis 
was taken as its maximum stimulated contraction. 

Examination of the speed of relaxation of a muscle 
from a contraction has previously been applied to 
studies of the tendon reflexes and brief electrically 
stimulated contractions (Desmedt ef al., 1968). Since 
most voluntary muscle activity involves sustained 
contractions, Edwards et al. (1977) have concen- 
trated on examining the rate of relaxation from 
tetani produced by stimulation at 30 Hz. Higher fre- 
quencies often failed to produce a satisfactory force 
‘plateau’ due to impaired neuromuscular transmis- 
sion or other forms of fatigue. 

Studies of animal muscular dystrophy have shown 
that not only is there a decreased tension output from 
dystrophic muscle and decreased fatigability but, in 
spite of normal contraction times, prolonged relaxa- 
tion times from twitch and tetanic contractions 
(Sandow and Brust, 1958; Neerunjun et al., 1976). 

In this study of boys with Duchenne muscular 
dystrophy slow relaxation after tetanic stimulations 
was noted in both the quadriceps femoris and the 
adductor pollicis. There was, however, a wide scatter 
of results in the study of the quadriceps, reflecting the ~ 
difficulties of studying this muscle in the advanced 
stages of the disease. This in itself suggests that the 
adductor pollicis may be a more suitable muscle to 


study in advanced stages of Duchenne dystrophy. 
Fatigability studies were not carried out because this 
would have caused discomfort. 

The similarity between the force-frequency curves 
in the normal children and those with muscular 
dystrophy was a definite but somewhat surprising 
finding. Moulds eż al. (1977) have shown that ‘slow- 
ing’ of a muscle produces a shift of the force- 
frequency curve to the left; however, any impairment 
in electromechanical coupling, as indicated by the 
data of Desmedt et al. (1968), would tend to shift the 
curve to the right. This phenomenon is currently 
under investigation but it is too early to give a 
precise explanation for the present observations in 
Duchenne dystrophy. 

Study of the children while supine was technically 
difficult but during the course of the work it was 
realised that quite severely weakened children could 
be examined on the muscle testing chair. Performing 
tests such as those described in children requires 
patience and positive efforts to allay anxiety. Having 
done this, children did not find the process un- 
pleasant and good quality records were obtained. In 
very few instances did the tests on the quadriceps 
femoris or the adductor pollicis take more than 15 
minutes and in most it was less than 10. 


We are grateful for geneous financial support from 
the Sir William Coxen Trust, the Muscular Dystrophy 
Group of Great Britain, and the Wellcome Trust; 
and for help from Dr D. N. Lawson and Mr R. J. S. 
Reynolds of Queen Mary's Hospital for Children, 
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Neonatal hyperammonaemia with complete absence 
of liver carbamyl phosphate synthetase activity 
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SUMMARY Two newborn infants, male (À) and female (B), with lethal hyperammonaemia are 
described in the same family. In both, symptoms started on the second day of life. Lethargy-and 
hypotonia were the most prominent initial findings and were followed by convulsions and coma. 
In both, blood ammonia levels rose to 570 umol/1 (798 ug/100 ml) a few hours before death, which 
occurred on the third and fourth day of life respectively. Assay of liver urea cycle enzymes in baby 
B showed a complete absence of mitochondrial carbamyl phosphate synthetase activity. 


Hereditary enzyme defects of the urea cycle have 
been diagnosed with increasing frequency during the 
last few years as causes of severe neurological 
damage or death during infancy and childhood. Five 
distinct disorders have been described so far, 
involving each one of the five.enzymes of the Krebs- 
Henseleit urea cycle (Levin, 1971; Shih and Efron, 
1972; Scriver and Rosenberg, 1973); hyperam- 
monaemia due to carbamyl phosphate synthetase 
(CPS) deficiency; hyperammonaemia due to orni- 
thine transcarbamylase (OTC) deficiency; citrullin- 
aemia due to argininosuccinic acid (ASA) synthetase 
deficiency; ASAuria due to ASA lyase deficiency; 
and argininaemia due to arginase deficiency. All five 
disorders have a similar clinical picture characterised 
by protein intolerance, vomiting, seizures, and 
various degrees of mental retardation associated with 
hyperammonaemia. It has also recently been 
recognised that these disorders can cause neonatal 
death. We report 2 newborn infants with neonatal 
hyperammonaemia in the same family. In one of 
them, in which enzyme studies were done, no CPS 
activity was found. 


Case reports 


Case 1. Baby A was a term male, born after a normal 
pregnancy and uncomplicated delivery, birthweight 
3600 g. The mother was 23, the father 27 years old, 
and both were apparently healthy. The mother’s 
grandmother and the father’s grandfather were first 
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cousins. Baby A was the product of the third preg- 
nancy of the mother. The first had resulted in a 
miscarriage during the fourth month of pregnancy. 
The second baby was a term male who died 12 hours 
after birth without definite diagnosis, but with 
symptoms similar to those of babies A and B. 

Baby A appeared well at birth. Glucose-water 
feedings were started and he remained well until the 
end of the first 24-hour period when he became 
progressively lethargic, hypotonic, and refused feeds. 
During the second day his condition deteriorated, 
with tachypnoea, abdominal distension, and 
generalised tonic-clonic convulsions. He was trans- 
ferred to the neonatal unit of this hospital at 40 
hours. 

On admission he was comatose with frequent 
episodes of generalised convulsions. The primitive 
reflexes were lacking. The fontanelle was normal. 
Palpation of the liver and spleen was difficult 
because of the abdominal distension. Intravenous 
glucose 10% was started and diazepam and pheno- 
barbitone were given for the convulsions. A few 
hours after admission episodes of apnoea started and 
intubation with artificial ventilation was required. In 
spite of protein restriction and supportive measures, 
the baby died at 56 hours. During the last few hours 
of life, he expelled a characteristic odour of ammonia 
during respiration. 

Laboratory data included a normal blood count, 
blood glucose, and serum electrolytes, and calcium. 
Spinal tap was normal and blood and CSF cultures 
negative. Chest x-ray was normal, and aspartate 
and alanine transaminases (SGOT and SGPT) were 
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100 IU/] and 15 IU/I respectively. Blood ammonia 
6 hours before death was markedly raised (see 
Results) with a blood urea at the same time of 3:3 
mmol/l (19-9 mg/100 ml) (normal 3:3-6-7 mmol/l; 
19-9-40-4 mg/100 ml). Plasma and urine amino acid 
screening by paper chromatography showed an 
increase of glutamine with an otherwise normal 
amino acid pattern. Necropsy examination, both 
macroscopical and histological, was unremarkable. 


Case 2. Baby B was a term female born 23 years 
after baby A. Pregnancy and delivery were unevent- 
ful and birthweight was 3600 g. She appeared well 
after birth, but because of the family history of 
previous neonatal deaths, associated with hyper- 
ammonaemia in the last child, she was transferred 
immediately to this hospital. 

Soon after admission 10% glucose IV was started, 
and the blood ammonia 5 hours after birth was 
raised. Her condition steadily deteriorated while the 
blood ammonia level rose (see Results). 22 hours after 
birth she began vomiting. She became progressively 
lethargic and hypotonic, and at the end of the second 
day she became comatose. Exchange transfusion 
with fresh blood was performed without clinical 
improvement or decrease in blood ammonia. 
Generalised convulsions followed and she died 
aged 96 hours. 

Laboratory results included a normal blood count, 
blood glucose, serum electrolytes, calcium, and 
bilirubin. SGOT and SGPT were 21 and 41 IU/I 
respectively and blood urea 3:8 mmol/l (22:9 mg/ 
100 ml). Two EEGs taken during the first and second 
days of life showed poor bioelectric activity and low 
voltage bilaterally. Necropsy examination showed 
small areas of aspiration pneumonia bilaterally 
and haemorrhagic infarction at the base of the left 
lung. No other abnormalities, macroscopical or 
histological, were detected. 


Methods 


Venous plasma ammonia was estimated at the 
Institute of Child Health, Athens, by the Hyland 
Blood Ammonia kit test using the Berthelot reaction. 
The upper limit of normal was considered to be 57 
umol/I (80 ug/100 ml). Amino acid screening was 
done by two-dimensional paper chromatography. 
Frozen specimens of plasma, deproteinised plasma 
(Stein and Moore, 1954), urine, and liver were sent 
to Queen Elizabeth Hospital for Children, London, 
for further investigation. Quantitative amino acid 
analysis was made on a Technicon Amino Acid 
Analyser, using a modification of the standard 
procedure in order to get reliable estimates of 
glutamine levels (Palmer et al., 1974). 
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Liver urea cycle enzymes were determined by the 
methods of Brown and Cohen (1959), according to 
the details given in Levin (1971). Liver from baby B 
was obtained 30 minutes after death and stored at 
—30°C for 3 months until analysis. A repeat 
analysis was made after keeping the specimen for a 
further 3 years at —70°C. The OTC was measured at 
pH 7-75 using conditions found optimal for human 
liver (Snodgrass, 1968) and the CPS assay was 
supplemented with excess OTC (Sigma grade) 
(Snodgrass and DeLong, 1976). This method 
measures both the mitochondrial form of the enzyme 
(CPS,) which participates in urea cycle metabolism 
and the cytoplasmic form (CPS,) which is involved 
in pyrimidine synthesis. In the liver the activity of the 
latter is of relatively little significance (Gelehrter and 
Snodgrass, 1974). 

Urinary excretion of pyrimidine derivatives was 
investigated by chromatography using the technique 
of Rinderknecht and Rinderknecht (1965) for urinary 
pseudouridine. Orotic acid excretion was quantita- 
tively measured by a modification (to be published) 
of the method of Rogers and Porter (1968), after a 
purification step using ion exchange resin. Urinary 
excretion of N-carbamyl compounds was measured 
by the method of Oberholzer and Palmer (1976). 
Volatile fatty acids in plasma and urine were deter- 
mined by gas chromatography, and nonvolatile 
organic acids in urine screened by paper and thin- 
layer chromatography. 


Results 


Both babies showed a large increase in blood 
ammonia levels, associated with blood urea levels at 
the lower limit of normal. In baby A the blood 
ammonia was 570 umol/1 (798 ug/100 ml) 6 hours 
before death. The various levels of blood ammonia 
in baby B, correlated with the clinical stage of the 
disease, are presented in Table 1. 

In both babies blood and urine screening for 
amino acids by paper chromatography showed a 
large increase in glutamine. These findings were 


Table 1 Correlation of clinical picture with plasma 
ammonia in baby B (upper limit of normal by method 
used = 57 umol!’ 


LL 


Age (h) Symptoms Plasma ammonia (umol/1) 

Ga OOO o mÉc ptio 
5 None 93 

22 Vomiting 224 

31 Lethargy 226 

48 Coma 364 

56 Convulsions 578 

T2 Same 578 


a 
Conversion: SI to traditional units— 
Ammonia: 1 pmol/l ~ 1-4 ug ammonia nitrogen/100 ml. 
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confirmed in baby B by quantitative plasma and 
urine amino acid analysis. Plasma amino acids 
in this baby showed a marked increase in gluta- 
mine and alanine, with low levels of most of the 
remaining amino acids, probably secondary to the 
restriction of protein intake. No citrulline was 
detected. Analysis of urine amino ecids gave a 
similar picture. The overall amino acid picture was 
typical of hyperammonaemia. 

The activities of hepatic urea cycle enzymes for 
baby B analysed after 3 months and 3 years' storage 
are shown in Table 2. No CPS activity was detected 
on either occasion. OTC activity was decreased 
compared to the range obtained in our laboratory 
for biopsy specimens from children (Levin, 1971). 
When repeat analysis was made after 3 years the 
vi&bility of the liver tissue was checked by estimation 


Table 2 Activity of urea-cycle enzymes in liver of | 
baby B 


Baby B | Control range*. Baby B Control range 
Age 96h Children 96 h 36 h-3 yr 
Sample Necropsy Biopsy Necropsy Necropsy 
30 min PM 30 min PM 1-53 h PM 
Storage 3 mat 3 yr at 6 w—5 yr at 
—30°C — 70°C —70°C 
Carbamy! 
rhosphate 
synthetase 
U/g Nil 180-615 (5t Nil 32-200 (5) 
U/mgp Nil 0.35-1.51 
Ornithine 
transcarbamylase 
pH 7-0 
(U/g) 940 3950-6550 (13) 
pH 8.3 
3 (Ujg) 1580 3900-9090 (13) 
pH 7-75 
(U/g) 3050 1520-6320 
(U/mgp) 24-5 16-7-~34-3 (5) 
ASA synthetase 
Ulg 14 21-43 (3) 32.8 42-13 (5) 
U/mgp 0:26 0-26-0-54 
ASA lyase 
Ulg 112 100-177 (3) 81 54—175 (5) 
U/mgp 0.66  0-42-0.95 
Uje 24 100-70 200 (4) 16450 5730-24 000 
U/mgp 134 48-130 (5) 
Glucose-6-phosphatase t 
pmol P/min per g 8.5 2-4-7-0 (5) 
mol P/min per mgp 0.069  0.020-0.070 
Protein 
(mg/g) 123 99-184 (5) 


*Data originally presented by Levin et al. (1969). 
TNumbers in parentheses indicate number of specimens. 


tTissue viability test. 
ASA = argininosuccinic acid; Usepmol citrulline or urea per hour; 
g==wet weight of liver In grams; mgp =. mg protein. 


of glucose-6-phosphatase. The results for this enzyme 
and for the four enzymes of the urea cycle proper 
fell within our control ranges for liver necropsy 
specimens for children. Our ranges for the activity 
of all the urea cycle enzymes compare well with 
those of Nuzum and Snodgrass (1976). 

Volatile fatty acids in plasma and urine of baby 
B were normal. Screening for urinary organic acids by 
paper chromatography gave negative results except 
that a small amount of lactic acid was present. 
Inspection of chromatograms under ultraviolet light 
showed a distinct uric acid spot, but no evidence of 
pyrimidine metabolites, Quantitative estimation of 
urinary orotic acid gave a level of 3-3 mmol/mol 
creatinine compared to a reference range of infants 
in the first week of life of 1-5 to 4-7. Using the same 
method, patients with OTC, argininosuccinic acid 
synthetase and lyase defects, even while clinically 
well on low protein diets, have given values over 
twice the upper limit of their reference range, aud 
during episodes of increased ammonia levels, after 
illness or after protein intake, the urinary ratio has 
been from 100 to 1000 times that for normal children. 
The excretion of other pyrimidine metabolites, N- 
carbamyl aspartate and N-carbamyl B-alanine, were 
also measured and found to be within normal limits 
(Oberholzer and Palmer, 1976). 

In a urine specimen with pH of 6:45 the ammonia 
level was 34 mmol/l (47-6 2/100 ml), with ammonia: 
urea ratio of 0-24. Upper limit for normal values for 
urine of same pH is 0-11. l 


Discussion 


CPS deficiency seems to be one of the rarer enzyme 
defects of the urea cycle. Of the few cases reported, 
the diagnosis is doubtful in some. The first 2 cases 
to be described (Kirkman and Kiesel, 1969; Freeman 
et al., 1970) had unexplained hyperglycinaemia, and 
the primary defect in these patients has since been 
considered to be propionic acidaemia or methyl- 
malonic acidaemia (Shih and Efron, 1972). 

Hommes et al. (1969) and Arashima and Matsuda 
(1972) reported 2 females, 7 and 20 days old, both 
presenting with vomiting, lethargy, hypotonia, and 
irregular eye movements. The blood ammonia was 
slightly raised and a defect in CPS activity was found 
in each case. Older patients with partial defects in 
CPS activity have been described by Odiévre et al. 
(1973), Batshaw et al. (1975) and Gatfield et al. 
(1975). 

Gelehrter and Snodgrass (1974) reported the first 
case of lethal neonatal hyperammonaemia due to 
complete absence of mitochondrial CPS, in a male 
infant who presented in the first 24 hours of life with 
hypothermia, irritability, and hypotonia and died at 


75 hours of age in coma. A similar case has recently 
been described by Formstecher (1976). Sheffield er 
al. (1976) recently described a case of neonatal 
hyperammonaemia presenting with pulmonary 
haemorrhage in which CPS deficiency was thought 
probable. 

The 2 newborn infants described here represent 
another family in which neonatal death has appar- 
ently resulted from complete CPS deficiency. The 
clinical course of both babies was quite similar. In 
both, no milk was given and symptoms started at the 
beginning of the second day of life. Lethargy and 
hypotonia were the most prominent initial findings 
followed by convulsions and coma. Death occurred 
on the third and fourth day of life respectively. 

Although enzyme studies were not done on baby A, 
it is reasonable to assume that the high blood 
ammonia was due to the same defect as in baby B. 
The slight increase in SGOT in baby A is not un- 
common in cases of congenital hyperammonaemia 
and it appears that hyperammonaemia per se may 
have an adverse effect on hepatic function. Being 
aware of the possibility of a congenital defect of the 
urea cycle in baby B, we were able to do enzyme 
studies and to follow appropriate parameters from 
the first hours of life. Interestingly, in this baby there 
was a close relationship between the clinical course 
and the blood ammonia level (Table 1). It is apparent 
that symptoms did not appear until the blood 
ammonia reached 224 umol/I (313-7 ug/100 ml). 

Estimation of liver urea cycle enzymes in baby B 
at first showed a low OTC, but when repeated at 
more optimal conditions the level was within 
reference limits (Table 2). CPS activity was zero on 
both occasions. The repeat measurement was done 
with added OTC to ensure that there was adequate 
OTC activity for the coupled assay procedure used 
for CPS measurement (Snodgrass and DeLong, 
1976). Loss during storage would not explain the 
complete absence of CPS activity. Normal levels of 
urea cycle enzymes in liver have been obtained after 
storage at —70°C for 3 years (Brown et al., 1976). 
Raised urinary levels of pyrimidine metabolites are a 
feature of OTC deficiency (Levin, 1971; Shih and 
Efron, 1972) but not of CPS deficiency (Arashima 
and Matsuda, 1972). Urinary pyrimidine levels were 
not increased despite the gross hyperammonaemia 
present, suggesting that the primary defect was in the 
formation of carbamyl phosphate. The possibility 
of hyperammonaemia secondary to disorders of 
propionic or methylmalonic acid metabolism were 
ruled out by the normal blood and urine levels of 
these organic acids. 

Both patients died soon after birth in spite of 
treatment, as did the patient of Gelehrter and 
Snodgrass who had complete CPS deficiency. In the 
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reported cases with a prolonged clinical course, the 
CPS activities were between 13 and 50% of normal. 
It seems that an absence of mitochondrial CPS is 
incompatible with life. 

The mode of transmission of CPS deficiency has 
not been clearly defined, and is complicated by 
doubts about the true diagnosis in the supposed 
cases. Final conclusions cannot be made until more 
families with the same enzyme defect have been 
studied. Meanwhile this condition, together with the 
other urea cycle defects, should be considered in the 
differential diagnosis of every infant with unexplained 
lethargy, convulsions, or coma. 


We are grateful to Margaret Harris for measurements 
of orotic acid excretion, and to Queen Elizabeth 
Hospital Research Appeal Trust who supported 
this work in part. 
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Luteinising hormone-releasing hormone nasal spray 
as therapy for undescended testicle 
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SUMMARY Twenty-two prepubertal children with unilateral cryptorchidism were treated. None had 
undergone previous medical or surgical treatment to modify the abnormal position of the testes, all 
of which were located in the inguinal canal. Treatment was with luteinising hormone-releasing 
hormone (LH-RH) nasal spray given for 7 days. 9 boys insufflated 100 »g LH-RH in each nostril 
6 times per 24 hours (1200 ug/24 h); the remaining 13 boys insufflated 500g 12-hourly (1000 1g/24 h). 
An LH-RH test (50 ug IV) was carried out before and after therapy. Full descent of the testis into the 
scrotum was obtained in 7 out of the 22 cases; in a further 6 cases the testis moved down the inguinal 
canal. 

Basal values of luteinising hormone and follicle-stimulating hormone and those for pituitary 
reserve remained unchanged before and after therapy, and were similar to the values of a control 
group. No correlation was found between response to therapy and bone age, testosterone level in 


serum, basal values or pituitary reserve of luteinising hormone or follicle-stimulating hormone. 


Luteinising hormone-releasing hormone (LH-RH) 
therapy in the adult male affected by secondary 
hypogonadism is known to be effective (Isidori et al., 
1974; Mortimer ef al., 1974a, b). This releasing 
hormone, given by nasal spray, was also successfully 
used in the treatment of adult hypogonadotrophic 
hypogonadism (Isidori et al., 1974) and cryptorchi- 
dism in prepubertal boys (Happ et al., 1975). Since 
cryptorchidism is sometimes associated with gona- 
dotrophin deficiency (Job et al., 1974; Koch and 
Rahlf, 1975; Hadziselimovic et al., 1976), we have 
studied the therapeutic effectiveness of LH-RH in 
relation to the pituitary reserve of gonadotrophins. 


Materials and methods 


Twenty-two boys with unilateral undescended testicle, 
aged from 5 to 114 years, were treated. Bone age 
ranged from 4 years 10 months to 11 years 4 months 
and the difference between chronological and bone 
age never exceeded 6 months. All fell into the pre- 
pubertal stage of sexual development, the first stage 
of Tanner’s (1962) classification. None had received 
previous medical or surgical treatment for testicular 
maldescent. In all cases the undescended testes were 
located in the inguinal canal, apparently along the 
normal descent way; none had retractile testes. 
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With permission from the parents, an LH-RH test 
(50 ug IV) was performed (Cacciari et al., 1976) and 
treatment with LH-RH nasal spray (Hoechst AG) 
begun on the next day according to the following 
schedule. Therapy was given to 9 boys (group A) 
(mean bone age 7 years 4 months) who insufflated, 
according to the method of Happ etal., 100 ug to each 
nostril at 7, 8, 12 am, and 1, 7, 8 pm, a daily intake 
of 1200 ug LH-RH. 13 boys (group B) (mean bone 
age 7 years 8 months) received 500 ug of the releasing 
hormone at 8 am (200 ug into the right nostril and 
300 ug into the left nostril) and at 8 pm (300 ug into 
the right nostril and 200 ug into the left nostril, a daily 
intake of 1000 ug). LH-RH was given for 7 days, and 
the day after completing therapy an LH-RH test was 
repeated. 

The pituitary reserve of gonadotrophins was 
studied by evaluating the peak, the maximum in- 
crease, and the area of the curve (Cacciari et al., 
1975). Plasma testosterone was recorded before the 
start of treatment. After the course of LH-RH, those 
boys whose testes had failed to descend (partially or 
completely) were given treatment with human 
chorionic gonadotrophin (HCG) consisting of a 
weekly injection of 1000 U HCG for 6 weeks. 

Bone age was evaluated by the Greulich and Pyle 
tables (1959). Plasma testosterone was measured by 
the radioimmunoassay method of Collins et al. 
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(1972) the antiserum being obtained from rabbits 
pretreated with an antitubercular vaccine, as pre- 
viously described (Cacciari et al., 1974). Serum 
gonadotrophins were measured by the double anti- 
body radioimmunoassay method of Reuter et al. 
(1973). 

For statistical analysis Student’s ¢ test was used. In 
order to study correlations between bone age, basal 
testosterone, pituitary reserve, and response to 
therapy. the patients were classified as follows: 
(1) no response (the position of the testis did not 
alter); (2) partial response (definite movement down 
the inguinal canal); and (3) full descent of the testis 
into the scrotum. 

Results from LH-RH tests carried out on 29 short 
normal boys served as controls. 


Results 


Treatment of the 22 cases resulted in 7 (32%) 
achieving descent of the testis into the scrotum. Of 
these, 2 (2277) were on dosage scheme A, and 5 
(39%) on scheme B. In 6 cases (27 7), 3 from each 
dosage group, the effect on the testicular position 
was partial. In the remaining 9 cases (41 %) there was 
no effect on the testicular position. No difference in 
the clinical response of the two dosage schemes was 
observed. 

The basal values for luteinising hormone (LH) and 
follicle-stimulating hormone (FSH) and the pituitary 
LH and FSH reserve in the 22 cases did not alter 
after therapy (Table), and did not differ from those 
of the control group. No correlation was found 
between the response to treatment and bone age, 
basal plasma testosterone level, basal values of 
LH anc FSH, or pituitary reserve of LH and FSH. 

Of the 15 boys treated with HCG after LH-RH 
treatment, one (belonging to the group which had 
partially responded to LH-RH) achieved complete 
descent of the testis. 


Discussion 


The use of LH-RH nasal spray therapy in cryptorchi- 
dism seems capable of producing good results in a 
short time. The percentage of positive results (32%) 
that we obtained at the end of a week’s treatment was 
higher than that reported by Happ et al. (1975) with 
a treatment schedule similar to our group A. Those 
authors continued the therapy for several weeks and 
obtained a good result in 71 % of cases. Conventional 
therapy with HCG has given positive results varying 
from 20 to 90°% (Bader, 1971). So great a variability 
cannot be due only to the differences in treatment, 
but must imply that different criteria are used in 
evaluating cryptorchidism and in differentiating true 


cryptorchidism from retractile or ectopic testis. We 
think that we can exclude those cases where the 
testes were retractile, since the testis could not be 
brought down into the scrotum despite repeated 
examinations. On the other hand, we cannot be 
certain that there was no case of ectopic testis as it is 
well known how difficult it is to differentiate this. 

Our results suggest that the hormone need be 
administered in only two injections per 24 hours, 
and that the effectiveness of therapy is inde- 
pendent of age. We found no correlation between 
response to therapy and bone age or basal testos- 
terone level. 

The rationale for treating cryptorchidism with 
LH-RH nasal spray was the efficacy of such treat- 
ment for secondary hypogonadism in the adult 
(Isidori er al., 1974), and the finding of an LH deficit 
in a certain number of cryptorchid patients (Koch 
and Rahlf, 1975; Hadziselimovic ef al., 1976; 
Werder et al., 1976). We therefore expected to find 
that the response to this form of therapy would 
correlate with gonadotrophin basal levels and/or 
gonadotrophin pituitary reserve; and further that 
this therapy would result in an increase in pituitary 
reserve and tonic secretion of LH and FSH. How- 
ever, the response to therapy in our cases did not 
correlate with the gonadotrophin status either before 
or after therapy, while the hormone studies carried 
out before and after the course of therapy failed to 
show any modification in gonadotrophin secretion as 
a result of the therapy. We conclude therefore that 
the efficacy of releasing hormone treatment does not 
depend on the correction of gross abnormalities of 
gonadotrophin secretion. It is sufficient to induce 
repeated small and diminishing stimuli to obtain 
good therapeutic results in cryptorchidism. The best 
results were obtained in cases where the undescended 
testicle was located near the external inguinal ring. 
No side effects were observed during or after LH-RH 
nasal spray treatment. 


We thank Dr M. Sesso, Farbewerke Hoechst AG, for 
supplies of synthetic LH-RH, and Alfa Farmaceutici 
for co-operation in producing antisera. 
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Effect of storage and heat on antimicrobial proteins 


in human milk 
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St David's Hospital, Cardiff 


SUMMARY Human milk, after storage and pastuerisation at 73^C for 30 minutes at a milk bank, was 
found to have little surviving IgA, IgG, lactoferrin, lysozyme, and C3 complement. Accurate 
pasteurisation at 62: 5°C produced a loss of 23-7% of the lysozyme, 56:87; of the lactoferrin, 347; 
of the IgG, but no loss of IgA. Storage by deep freezing at —20°C for 3 months produced no appreci- 
able loss of lactoferrin, lysozyme, IgG, IgA, or C3. 


Human milk is thought by many paediatricians to be 
the best food for low birthweight infants (Davies ef 
al., 1972). In England and Wales five large-scale 
human milk banks operate primarily for this purpose 
(Rolles, 1973) and most maternity units make some 
effort to collect milk for their special care babies. We 
question whether the final product after storage and 
processing has the same value for the preterm infant 
as feeding at the breast has for the mature one. Little 
is known of the best method of collection, storage, 
and processing of human milk and this paper is 
intended to draw attention to two aspects: the effect 
of heating and storing of human milk on its content 
of immunoglobulins and other antimicrobial factors. 


Methods 


Milk samples. Human milk was collected by mothers 
in their own homes, using glass Woolwich shells to 
obtain overflow milk. The milk was stored unfrozen 
in the family refrigerator for up to 48 hours, until 
collected by the staff of the Human Milk Bank, St 
David's Hospital, Cardiff. Aliquots of milk as it 
arrived at the milk bank were analysed either raw, 
after deep freezing for 3 months at —20°C, after 
lyophilisation and reconstitution, or after pasteurisa- 
tion at the laboratory or milk bank. 


Pasteurisation. This was achieved by placing bottles 
of milk into a steam-heated water bath. The holding 
temperature during the study was found to be 72° to 
73°C for 30 minutes, although the temperature aimed 
for was 65°C. Cooling was achieved by circulating 
water at room temperature. Laboratory pasteurisa- 
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tion was performed by heating small (2 ml) samples 
in an accurately regulated water bath and using 
constant agitation until the holding temperature was 
achieved, and then held for 30 minutes. Five tem- 
peratures (^C) were used, 60°, 62-5°, 65°, 67- 5^, and 
70°. 


Quantitative electroimmunoassay. 


Antigen and monospecific antiserum. Lysozyme was 
prepared by the method of Jollés and Jollés (1967) 
and lactoferrin prepared from human milk as pre- 
viously described (Ryley, 1972). Monospecific anti- 
serum to «,-antitrypsin, IgG, lactoferrin, and lyso- 
zyme was raised in rabbits (Ryley, 1972; Ryley and 
Brogan, 1973; Ryley et al., 1975). Antisera to C3 
component of complement and IgA were obtained 
from Hoechst Pharmaceuticals, Hounslow, England. 


Electroimmunoassay. 2 ul volumes of either raw or 
treated milk were analysed by an electroimmunoassay 
method against monospecific antiserum in 1% 
agarose, or in the case of IgG 1% ion agar as 
previously described (Ryley and Brogan, 1973). 
Dilution of a laboratory control serum standardised 
against both a Behring human serum and plasma 
controls were used for the estimations of «,-antitryp- 
sin, C3, IgA, and IgG. Dilutions of 1 mg/ml solution 
of both lysozyme and lactoferrin antigens were used 
in their appropriate assay. All estimations were 
carried out on duplicate plates. 


Results 


Raw milk. Table 1 shows the results of assays on 25 
random donations to the milk bank. 
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Table 1 Concentration of 6 proteins in human milk 
donated to a milk bank (mg[100 ml milk)* 


No. of samples Mean + SE Range 
a,-antitrypsin 25 3:423. 0°07 1-0-21-2 
C3 24 1-773- 0-018 0-7-4-0 
IgG 25 0-434 0-04 0:2-2-4 
IgA 25 7-964 0-12 0-9-20-6 
Lactoferrin 25 419-+ 77 74-1606 
Lysozyme 25 5-94 14 0.5—32.5 





*'/alues in Tables 1—4 are given in traditional units, io. mg/100 mi; to 
convert to g/l, multiply by 0-01. 


Table 2 Effect of milk bank pasteurisation on 6 milk 
proteins (mgl100 ml milk) 


Protein Raw milk Pasteurised milk 
(no. of samples) (mean + SE) (mean + SE)* 

a- -antitrypsin (16) 2-384 0-30 1:47 4:0-25 (61:8) 
C3 (16) p354 0:13 «0-1 

IgA (16) 3-54 1:10 «0-1 

IgG (16) 0-424: 0-05 «0-1 

Lysozyme (16) 7-34 2:0 0:1724:0:1 (2-3) 
'Lactoferrin (16) 337 -+57-3 3+1-1 (0-9) 


*Numbers in parenthesos are means as % of raw value. 


Pasteurisation. There was marked destruction of 
activity after milk bank pasteurisation (72°-73°C) 
(Fable 2). Only «,-antitrypsin showed any significant 
S 
Table 3 shows the results of well-controlled heating 
under laboratory conditions for milk lysozyme, 
lactoferrin, IgG, and IgA at 5 temperatures, 60°, 
62: 5°, 65°, 67- 5^, and 70°C, each for 30 minutes. IgA 
survived with relatively little loss until the tempera- 
ture of 70°C was used (33: 37; loss). IgG was much 
more labile, with 65°C producing a loss of 77:227. 
Lactoferrin showed a similar pattern of thermo- 
lability with a slightly greater loss (85 97) at 65°C. 
The results for lysozyme showed a wide variation 
dependent on pH. The mean results are shown in 
Table 3, but there were 5 samples of pH 6 and 4 
samples of pH 7. At 65°C there was a mean loss of 
93-7 74 at pH 7, but only a 27% loss at pH 6. 


Freezing and lyophilisation. Table 4 shows the results 
of 3 months’ storage at —-20°C, and of freeze-drying 
and reconstitution. There was no significant change 
in lactoferrin, lysozyme, IgA, IgG, and C3, after 3 
months’ freezing, but a small loss of IgG occurred 
after lyophilisation. 


Discassion 


The milk donations were up to 48 hours old, often 
heavily contaminated with bacteria (a recent study 
showed that nearly 50% of samples had 109 or- 
ganisms/ml) (C. H. L. Howells and T. J. Evans, 
unpublished 1975) and from the ‘mature’ phase 
of lactation, yet our results for lactoferrin and 
lysozyme compare favourably with published results 
(Bullen et al., 1972; Peitersen et al., 1975). Immuno- 
globulin levels and C3 were, however, quite low 
compared with the data of others (Mata and Wyatt, 
1971; Peitersen ef al, 1975), the loss possibly 
occurring during the 48 hours' storage at the mother's 
home. Szóllósy et al. (1974) showed a marked loss of 
antibody in human milk during periods of bacterial 
growth. Also, our IgA values were measured by using 
a 7S IgA standard and we have not attempted a 
conversion to secretory IgA as did Peitersen ef al. 
(1975), which partly explains the lower values. 

We found no published data for «,-antitrypsin in 
human milk though Laskowski and Laskowski 
(1951) measured total antitryptic activity and found 
it only in colostrum. Bullen et al. (1972) postulated 
that milk antitrypsins could protect lactoferrin from 
gastrointestinal trypsin and this encouraged us to 
include it in our studies as it could also help to 
protect milk proteins from milk proteases (Heynd- 
rickx, 1962) or bacterial enzymes (Moore et al., 1964) 
during periods of storage in vitro. 

There is a surprising lack of information on heat 
stability. Complement was expected to be labile, also 
expected was the greater survival of IgA compared 
with IgG. Lysozyme is heat stable at acid pH (Jollés 


Table 3 Effect of pasteurisation for 30 minutes at 60°, 62: 5?, 65°, 67- 5^, and 70°C on IgA, IgG, lysozyme, and lacto- 





ferrin (mg[100 mD) 
Pasteurisation 
Raw milk 60* 62-5? 65° 67-5? 70? 
(mean + SE) (mean + SE) (mean + SE) (mean + SE) (mean + SE) (mean + SE) 
IgG 9 samples 1:05-0-22 0-87-40-45 0°69-+0-°13 0:2443-0:6 0-1+0:05 0:027 4-0-022 
(82- (66) : : (2-6) 
IgA 6 samples 15:6-E2:3 16°3+4-8 15:84-24 14-32-1:9 13-95 1-7 10:56-r 1.0 
f (105) (101) 1-9) (89) (67-7) 
Lactoferrin 9 samples 565 4-185 476-4171 244 -- 79:7 83-24-29 45:2416 32412-3 
(84-3 (43:2) 4-7) - (5-7) 
Lysozyme 9 samples 3:543:0-94 4-06. 0-94 2:68 4-0-74 1:35 40-45 0-53 4-0-82 0 
(115-6) (76-3) G8-6) (15-2) 





*Figures in parentheses are tho means as % of raw milk value, 
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Table 4 Effect of deep freezing (3 m) at —20°C and lyophilisation of human milk proteins (mg/100 ml milk) 


Deep frozen milk Lyophilised milk 

Raw milk — 

(mean + SE) Mean + SE Mean as % raw P Mean + SE Mean as % raw P 
xj-antitrypsin 16 samples 2:384-0:3 1:98 4-0-2 83-2 <0:05 2-22+40-3 93-3 20:1 
IgA 8 samples 9-55 -0- 84 9-25 -0- 83 96-9 0:1 9-33 4-0- 74 97-7 20-1 
IgG 16 samples 0:42-2-0-05 0:42 4-0-04 100 0:1 0-33+0-04 78-6 <0-05 
Lactoferrin 11 samples 332471-7 338+ 57:4 102 20:1 363 +79 109-3 20:1 
Lysozyme 11 samples 5-1+1-26 4:6--0-67 90-2 0:1 4-8+1-19 94-1 20:1 
C3 16 samples 1-35+0-13 1:26 4-0: 11 93.3 0:1 1:27 4-0: 13 94-1 20:1 


and Jollés, 1961) but very labile at the natural pH of 
human milk (7:2-7:4) (Chandan et al., 1964), though 
during storage the fall in pH may aid survival. The 
apparent increase of lysozyme on heating to 60°C was 
probably due to release from the often large cellular 
compenent of human milk. Storage by deep freezing 
seemed a very satisfactory procedure and the more 
expensive lyophilisation showed no advantage. 

Although breast feeding is both natural and 
advantageous to the normal term infant, doubt has 
been cast on its ability to provide optimal growth for 
the very preterm infant (Davies, 1977; Fomon and 
Ziegler, 1977). Autoclaving human milk as practised 
in some hospitals would also limit its antimicrobial 
advantage, especially as it has been shown that a 
breast milk substitute can produce a similar gut 
flora of lactobacilli (Willis et al., 1973). 

We suggest that human milk should be collected in 
as sterile a manner as possible and deep frozen 
shortly after collection. If of low bacterial count then 
its use unheated should be considered. Pasteurisa- 
tion, if used, should be at the minimum temperature 
capable of adequate bacterial killing (about 62°C for 
30 minutes) (Szóllósy et al., 1974). Unfortunately, 
there does not seem to be a commercial apparatus 
available in the United Kingdom capable of dealing 
with small volumes and achieving uniform and 
accurate heating. 
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Homocystinuria in New South Wales 


BRIDGET WILCKEN AND GILLIAN TURNER 


From Oliver Latham Laboratory, North Ryde Psychiatric Centre, and Prince of Wales Children's Hospital, 
Sydney, Australia 


SUMMARY Homocystinuria was studied in 27 patients from 15 families in New South Wales. All 27 
had biochemical findings consistent with cystathionine synthetase deficiency. One patient was 
ascertained by newborn screening, but the remaining index cases were detected because of symptoms: 
poor eyesight 6, mental retardation 3, thromboses 2, skeletal abnormalities 2, and urinary infection 1. 
9 patients, one-third of all cases, were mildly affected: either they had no features of the disease, or 
these did not occur until the late teens. Pyridoxine responsiveness was found in 8 sibships, and 
clinically there were two distinct kinds of response. 

For patients born in the decade 1960-69 the ascertainment rate for the total population was 
1:58 000. The true incidence must be much higher. Our series indicates that homocystinuria occurs 
more frequently than has heretofore been thought, and that mild cases are common. It is likely that 


cases are often missed in current newborn screening programmes. 


Homocystinuria due to cystathionine synthetase 
deficiency was first reported in 1962 by Carson and 
Neill, and the basic defect was explained in 1964 by 
Mudd and colleagues. Well over 100 cases have been 
reported and the clinical syndrome of Gislocation of 
the ocular lenses, marfanoid habitus, osteoporosis, 
arterial and venous thromboses, and mental retarda- 
tion in moderately to severely affected cases is well 
known. McKusick (1972) described a large series of 
83 cases in 45 kindreds, largely ascertained through 
screening of patients with nontraumatic dislocation 
of the lenses of marfanoid skeletal features. 

This paper describes the mode of presentation of 
27 cases seen in New South Wales between 1967 and 
1976, and emphasizes the considerable variation in 
clinical presentation and within families so that some 
biochemically affected individuals may be asymp- 
tomatic until adult life. Our results indicate a greater 
frecuency of homocystinuria than newborn screen- 
ing has suggested, and a higher incidence of mild 
cases than was previously supposed. 


Patients and methods 


Twenty-seven patients (17 males, 10 females) from 15 
families were ascertained when referred for investiga- 
tion of possible homocystinuria (10), when referred 
for other investigations and a screening test was 
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positive (4), from the newborn screening programme 
(1) and during family studies of ascertained cases 
(12). 

Diagnosis was made initially by screening for 
urinary homocystine by paper chromatography and 
by high voltage electrophoresis, followed by demon- 
stration of increased levels of methionine, presence of 
homocystine, absent cystathionine, and very low or 
absent cystine in plasma by ion exchange chromato- 
graphy. Plasma was deproteinised within 10 minutes 
of venepuncture, and amino acids quantitated on a 
Beckman Unichrome Aminoacid Analyzer using 
standard methods. Plasma amino acid studies also 
were carried out on all sibs and both parents. No 
enzyme studies were performed. All patients had 
general medical and ophthalmological examinations 
and skeletal x-rays. IQ assessment was completed 
for most patients. 

When the diagnosis was confirmed, patients were 
treated with pyridoxine (200-500 mg/day) in divided 
doses, and serial measurements were made of plasma 
amino acids and serum and red cell folate concentra- 
tions. Folate was estimated by a microbiological 
method using Lactobacillus casei. Patients were 
judged to be pyridoxine responsive if homocystine 
disappeared from the plasma, methionine was 
reduced to normal or near normal levels, and cystine 
was present at normal concentrations in fasting 
plasma. 
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Results 


The age of diagnosis, sex, clinical features, and bio- 
chemical response to pyridoxine of the 27 patients 
and the presenting problem for each index case are 
given in Table 1. 


Eyes. 5 patients were referred for diagnostic testing 
because of poor eyesight and 1 because of apparent 
traumatic dislocation of the lenses (see Table 1). 
2 others were aphakic following surgery. A further 7 
patients who had dislocated lenses when first seen 
had been investigated for other reasons. The youngest 
age at which lens dislocation was seen was 18 
months, occurring after a fall from a high chair 
(Case 16). 6 patients, now aged 14-28 years, do not 
have dislocated lenses. In 4 treatment was started at 
8, 11, 14, and 21 years respectively. The remaining 2, 
Cases 10 and 21, are on no treatment. 


Mental retardation. 14 of the 27 patients had overt 
mental retardation, with IQs of less than 70 (Table 1). 
Many of the rest, including some of above average 
intelligence, were considered by their families and 
teachers to be less clever than their unaffected sibs, 
even before homocystinuria was diagnosed (Cases 13, 
14, 19, 21, 22, 24-27). In three families this was 
confirmed by school reports. 3 of these patients had 
poor eyesight during school years, but in the rest 
vision was unaffected. 
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Thrombotic episodes. These occurred in 7 patients, 4 
severely affected (Cases 4—7) and 3 of the mildly 
affected (Cases 11, 15, 19). Deaths in the series were 
probably all related to thrombosis (Table 2). 


Table 2 Deaths in the series 








Case no. Age (yr) Cause 
4 2 Sudden 
6 5 Cerebral thrombosis 
I 7 Cerebral thrombosis 
5 9 ‘Stroke’ 
8 10 Cerebral thrombosis 
15 30 Pulmonary embolism 





Skeletal abnormalities. A marfanoid habitus was 
noted at diagnosis in 6 patients, ages ranging from 
6-12 years. Other clinically obvious skeletal abnor- 
malities, mainly sternal deformities or genu valgum, 
were common, but 6 of the 15 patients aged 8 or over 
at diagnosis had none. 


Pyridoxine responsiveness and folic acid requirements. 
13 patients from eight of the 15 families responded to 
pyridoxine therapy (responsiveness or nonrespon- 
siveness was always consistent in sibships). In one 
patient (Case 9) folic acid was also required to main- 
tain full biochemical response, and in 4 of the remain- 
ing ‘responsive’ families pyridoxine alone was 
needed, though plasma and red cell folate concentra- 
tions fell to low levels without supplementation. 





Table 1 Clinical features of the patients 
I 
Case no. Age(yr) Sex Ectopia lentis Mental retardation Marfanoid habitus B6 response Presenting problem (index cases) 
1) 6 M + + + -— Mental retardation 
2L 11 M + + + = 
3 4 M + + — => 
4 2 F ? + = = 
i 7 F T + + — Mental retardation 
6 5 F + + — = 
7 J 1-8 M — + — — 
8 5 M + + — t— Eyesight 
9 8 F + + + + Eyesight 
*10 8 M -— +7 — T Urinary infection 
*1] 11 F — — + + 
*12 8 M — — — + 
*13 14 M — — — Ez Mild pectus carinatum 
*14 17 M + — — + 
*15 27 F + — — + Venous thrombosis 
16 1-9 F + + — — Traumatic dislocation of lenses 
17 0-1 F e -— — t— Newborn screening 
18 2 M + ES -— t— 
*19 41 M +A -- — + Venous thrombosis 
20 7 M + + — — Eyesight 
*2] 24 M -— E — — 
22 29 M +A -— — + Severe osteoporosis 
23 3 M + + — — Mental retardation 
24 12 F + — + + Eyesight 
*25 14 M — — — T 
26 7 M — — — + Eyesight 
27 4-5 F — — — + 


SS 
*Mild cases (see text). (Mental retardation apparently due to birth trauma. A —aphakia—surgical; t = temporary response. Brackets indicate 


sibships. 
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There were insufficient data on folic acid require- 
ments in Cases 15, 19, and 22. 

Among the families not responsive to pyridoxine, 
there was a definite but temporary biochemical 
response with near normalisation of methionine and 
homocystine levels in plasma, and normal plasma 
cystine, lasting for 1 to 3 months in two families, and 
none at all in the remaining five (see Table 1). 


Incidence. In the decade 1960-69 there was a total 
of 820 797 births in New South Wales; 14 cases of 
homocystinuria have so far been diagnosed, an 
ascertainment rate of 1:58 000. 


Mild cases 


Nine cases from six families were considered to be 
very mildly affected (Table 1) in that either they have 
few if any of the features commonly associated with 
homocystinuria, or these have occurred relatively 
late in life. All but one of the mild cases were in the 
pyridoxine-responsive group. One of these sibships 
(Cases 10-12), including a boy and girl of superior 
intelligence, has been described by McKusick (1972). 
We report 5 further cases. 


Cases 13 and 14. A boy presented at the age of 14 
with a mild sternal deformity. A urine test suggested 
homocystinuria, but further investigations were 
refused until he was 21 years old. Then he was 187 cm 
tall, well built, with normal bodily proportions, 
apart from large hands and feet, and very mild pectus 
carinatum. Eyesight was normal; no ectopia lentis. 
He appeared intelligent, completed year 10 at school, 
and had an excellent work record. His brother, then 
aged 19, was ascertained by family screening. He was 
190 cm tall, heavily built, and recently subluxation of 
the lenses had been noted. He had been considered 
slow at school. 3 unaffected brothers were all very 
tail, 


Case 19. An intelligent man of 41 presented with deep 
venous thrombosis of the calf after myocardial 
infarction. He was 186 cm tall, ruddy faced, and had 
had grey hair for years—the only prematurely grey 
person in his family. He had had thrombosis of the 
left calf aged 15 years, overt dislocation of the ocular 
lenses aged 18 years after a severe blow to the head, 
and a stroke aged 37 with good recovery. 


Case 21. A tall (186 cm) man of 24 years with very 
dark hair was ascertained during family screening. 
(His brother, Case 20, aged 8, was moderately 
severely affected clinically.) He was well built, with 
large hands and wrists and large ankles, büt no other 
bony abnormality; x-rays showed slight osteoporo- 


sis. No ocular abnormalities. He completed year 10 
at school but did less well than other nonaffected 
members of the family. He was B6 nonresponsive. 
His parents’ plasma amino acid levels were normal. 


‘Case 25. Brother of Case 24, a small brown-haired 


boy of 14, of stocky build. Height was between 25th 


. and SOth centiles, and the upper-to-lower segment 


ratio was 0-90, normal for age. Vision and eye 
examination normal; no skeletal deformities. He did 
well in year 9 (the appropriate year for age) at high 
school. Plasma amino acid levels in his parents were 
normal. 


Discussion , 


In this series of 27 cases, ascertained with one 
exception by clinical presentation and subsequent 
family screening, one-third of the patients were very 
mildly affected by their disease— indeed a boy aged 
14 years and a man aged 24 years, both untreated, 
had no clinical features suggesting homocystinuria. 
There were some intrafamily differences in severity, 
but it is reasonably certain that all these patients were 
indeed homozygotes for the defective gene. In no 
case did their parents exhibit any biochemical 
abnormality, and only one case has been reported 
with raised levels of plasma homocystine and 
methionine who may have been a heterozygote, but 
her genetic status remains uncertain (Finkelstein 
et al., 1964). 

There is clearly a group of patients who remain 
relatively asymptomatic until adult life, and 
physicians need to be alerted to the possibility of ho- 
mocystinuria in adult patients presenting with throm- 
boses. In addition, the diagnosis must be considered 
in otherwise normal girls presenting with tallness for 
evaluation at the time of puberty. In one of our 
patients this was the first untoward symptom, 
although she had in fact been ascertained earlier 
during family screening (Case 11). Although McKu- 
sick (1972) described cases of mild homocystinuria, 
others have suggested that they are particularly rare 
(Wappner and Brandt, 1973). 

McKusick suggested that ectopia lentis is an almost 
constant feature of homocystinuria in patients over 
age 10 years; and only 2 of his 83 patients over 10 had 
intact eyes, sisters aged 12 and 17 years. Certainly 
poor eyesight was the most common feature leading 
to diagnosis in our series, but 6 of our 27 patients 
now over the age of 10 have no ectopia lentis, and no 
visual disturbance of any kind (see Results). The 
oldest of these is now 28, is not responsive to pyri- ^ 
doxine, and receives no treatment. Only one of the 
rest was treated before the age of 10 years. 7 patients 
who had dislocated lenses were ascertained when 


being investigated for problems not related to eye- 
sight. 4 of these were mentally retarded, and 2 were 
under 4 years. 

Although mental retardation, with an IQ below 
70, was present in only half our patients, and was 
quite mild in several of these, it is probable that al- 
most all patients had suffered some loss of intel- 
ligence. It is notable that several patients with 
minimal or no clinical signs were considered by the 
family, before diagnosis, to be slower than un- 
affected family members, and school reports often 
confirmed this (see Results). 

The ascertainment of homocystinuria in New South 
Wales from this series is 1:58 000 for the decade 
1960-69. As only one case was identified by new- 
born screening, the true incidence is probably much 
higher. Newborn screening using the Guthrie 
bacterial inhibition assay has generally shown an 
apparent incidence of from < 1:500 000 to about 
1:100 000. Two centres, Manchester, England 
(using plasma chromatography at 6+ days), and 
Dublin, Ireland, have found 1:80 000 and 1:56 000 
respectively (Thalhammer, 1975). The gene for 
homocystinuria may indeed be more frequent in the 
Irish population (both Manchester and N.S.W. have 
many people of Irish extraction) but it also seems 
very likely that an appreciable number of cases of 
homocystinuria are missed in other centres when the 
test is carried out on the fourth day of life. Levy, for 
example, found an incidence of 1:179 000 in Massa- 
chusetts where there is a large Irish population 
(Thalhammer, 1975). 

The N.S.W. neonatal screening programme in- 
cludes a urine chromatography test at 6 weeks of age. 
This has been specially modified to detect homo- 
cystinuria (Wilcken et al., 1972), but nevertheless 
only one case has been detected in 400 000 tests 
(Case 17) and one case is known to have been missed 
(Case 27). It is very probable that other missed cases 
will come to light. 8 of the 9 mild cases in this series 
were responsive to pyridoxine therapy, and diagnosis 
of these cases by infant screening tests would be 
particularly beneficial. Perhaps these cases cannot be 
detected by a Guthrie bacterial inhibition assay at 4 
days of life, and a further test at, say, 4 weeks should 
be carried out. A second test for phenylketonuria is 
already being done in many centres. 

Response to pyridoxine occurred in eight of the 15 
families. Clinically there were two types of pyridoxine 
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responders: those in whom folic acid was also 
required continuously to maintain biochemical 
control, and those who remained stable and con- 
trolled on pyridoxine alone, even though red cell and 
serum folic acid concentrations fell to low levels. An 
example of the first response (Case 9 in this series) has 
been reported by Wilcken and Turner (1973) and 
another by Morrow and Barness (1972). In the absence 
of enzyme studies it is impossible to say whether 
these differences are related to differences in enzyme 
activity response noted by Seashore et al. (1972), or 
whether this represents a further variant of ‘classical’ 
homocystinuria. 


Many patients in this series were originally patients 
of the late Dr Brian Turner, who was the first in New 
South Wales to investigate cases of homocystinuria. 
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Tracheal compression as a cause of respiratory 
symptoms after repair of oesophageal atresia 
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SUMMARY A case of tracheal compression in an infant after repair of a tracheo-oesophageal fistula 
and oesophageal atresia is reported. Tracheopexy completely relieved the symptoms of apnoeic 
attacks, cyanosis, and convulsions. We suggest that tracheal compression in infants and children 
with repaired oesophageal atresia can not only cause life-threatening attacks but also be responsible 
for recurrent chest infections. All infants and children with signs and symptoms of tracheal com- 
pression as shown by the presence of a barking type of cough, recurrent chest infections, or persistent 
mild respiratory symptoms should be referred for thorough investigation of the tracheobronchial tree. 


Respiratory problems after successful repair of 
oesophageal atresia may arise in the immediate post- 
operative period or present as recurrent respiratory 
infections in infancy and childhood. These later 
repeated episodes are common and may occasionally 
be so severe as to be life threatening. The treatment 
offered is often inappropriate since the precise causes 
of these recurrent infections have not been elucidated 
although tracheal abnormalities in children with 
oesophageal atresia have been described (Holinger 
and Johnston, 1963; Holinger et al., 1965; Benjamin 
et al, 1976) and their significance in terms of 
respiratory symptoms has been pointed out (Benja- 
min et al., 1976; Filler et al., 1976). Metaplasia of 
the tracheal mucosa and replacement of the ciliated 
squamous epithelium may also be of importance 
(Emery and Haddadin, 1971; Mithal and Emery, 
1976). 

The purpose of this report is to draw further 
attention to the occurrence of tracheal compression 
With consequent attacks of expiratory wheeze, 
cyanosis, apnoeic spells, and recurrent respiratory 
infections, and to make a plea for a full investigation 
of the tracheobronchial tree (including broncho- 
scopy, bronchography, and if necessary angiography) 
in all children presenting with these symptoms of 
tracheal compression. 


Case report 


This first infant of healthy parents was born after a 
normal pregnancy and delivery, weight 3-147 kg. 
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No resuscitation was needed at birth. Excessive oral 
mucus and the failure of passage of a tube into the 
stomach led to a diagnosis of oesophageal atresia 
and after transfer to this hospital she was operated 
on at the age of 84 hours. 

Bronchoscopy after the induction of spores 
showed a normal larynx without subglottic stenosis 
and a normal upper trachea. There was a marked 
flattening of the anterior and left lateral part of the 
trachea occluding over half of the lumen. The fistula 
to the oesophagus opened just below this bulge, 
8 mm above the carina. The tracheo-oesophageal 
fistula was ligated through a right thoracotomy by 
an extrapleural approach and an oesophageal 
anastomosis made. Postoperative recovery was un- 
eventful although she was noticed to have a harsh 
brassy cough or 'bark' when she cried. She was 
discharged home aged 16 days and made normal 
progress despite the barking cough. 

When aged 4 months, she began to have 'colds' 
and to be snuffly, and a month later while being fed 
she had a bout of coughing, stopped breathing, and 
went blue. Recovery was rapid but three further 
episodes occurred in the ensuing weeks with cyanosis, 
apnoea, and generalised convulsions. Her paedia- 
trician referred her back for investigation. Endo- 
scopy showed a satisfactorily wide oesophageal 
anastomosis while in the trachea the findings were 
similar to those at birth except that the left lateral 
and anterior flattening was more marked and was 
seen to be markedly pulsatile (Fig. 1). Xerograms 
confirmed this flattening of the trachea at and just 
above the aortic arch. Angiograms and a ciné 
tracheogram showed that the aortic arch and great 
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vessels were of normal configuration but that the 
tracheal lumen was virtually occluded with each 
pulse wave. 

At age 7 months, via a left anterolateral thor- 
acotomy the adventitia of the aortic and great 
vessels was sutured to the manubrium sterni in 
order to pull forward the anterior tracheal wall 
(Gross and Neuhausser, 1948; Mustard et al., 1969). 
Endoscopy immediately afterwards showed an 
almost normal tracheal shape (Fig. 2). Postoperative 
recovery was excellent and her mother volunteered 





Fig. 1 Endoscopic appearance of lower trachea 
showing gross reduction of lumen by left-sided and 
anterior compression. 





Fig. 2 Endoscopic appearance of lower trachea 
immediately after tracheopexy. The lumen has been 
restored to more normal contours. 


the opinion that ‘she hadn’t breathed so easily and 
freely in all her life’. The ‘bark’, although still present, 
was much less raucous and much less frequent. 
Tolerance of the operation and the rapid relief of 
symptoms and signs were gratifying and more than 
justified the decision to perform a tracheopexy. 


Discussion 


Tracheoscopy led to a rapid and precise diagnosis 
and effective treatment in our patient with tracheal 
compression. Failure to perform endoscopy fre- 
quently means that the condition is misdiagnosed as 
tracheomalacia, recurrent respiratory infection, 
asthma, or oesophageal malfunction. 2 patients with 
similar life-threatening episodes of cyanosis and 
apnoea have had tracheostomies performed. This 
procedure prevented these episodes, but in the light 
of our recent experience the correct operative 
procedure was tracheopexy. It is possible that the 
‘cot-death’ of one of our cases after successful repair 
of oesophageal atresia was caused by this condition. 

The incidence of tracheal compression in children 
who have had surgery for oesophageal atresia 
has not been accurately determined though a 
prospective study is now being undertaken. Filler 
et al (1976) found that symptomatic compression of 
the trachea occurred in 3 children and anatomic 
compression in 13 out of a total of 40 consecutive 
cases of oesophageal atresia. Touloukian et al. (1974) 
found that 2 out of 18 cases of oesophageal atresia 
had repeated episodes of acute respiratory distress 
due to tracheomalacia for periods up to one year 
of age. 

Our initial analysis of infants and children with 
repaired oesophageal atresia suggests that the abnor- 
mality of the trachea is closely correlated with the 
clinical state of the patient and its recognition is 
essential to effective management. Thus, a persistent 
‘bark’ is only found in those children with tracheal 
narrowing and in these patients recurrent pulmonary 
infections are common. It is our clinical impression 
that these respiratory symptoms improve after the 
age of 4 or 5 years but this can only be verified by 
regular follow-up of the cases in our study. 

The management of these children must depend 
on their clinical condition. The majority of children 
with mild tracheal compression have minimal signs 
and suffer no consequences. However, any child 
with symptoms or signs of moderate or marked 
tracheal compression should be investigated. A 
history of recurrent pulmonary infections demands 
that a bronchoscopy and bronchogram be performed 
to ascertain the current state of the diseased respira- 
tory tract. Early tracheopexy in patients with 
moderate tracheal narrowing may well prevent 
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recurrent chest infection in these children and avoid 
permanent tracheobronchial damaze. Certainly, 
early operation is indicated in all patients whose lives 
are endangered by severe tracheal compression 
associated with apnoeic spells, cyanosis, or con- 
vulsions. 
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Plasma ACTH and melanocyte- 
stimulating hormone in nail 
pigmentation 


Pigmented banding of nails has been reported to 
occur with some anticancer agents such as cyclo- 
phosphamide (Shah et al., 1975), 5-FU and nitrogen 
mustard (Moore and Meiselbaugh, 1975), and also 
with exposure to x-rays (Sutton, 1952; Inalshingh, 
1972). Priestman and James (1975) reported 3 cases 
in which nail changes were possibly due to doxo- 
rubicin. They speculated that this drug has a 
selective hormone-suppressive action which might 
allow an excess of melanocyte-stimulating hormone 
(MSH) to be released from the pituitary. 

We report, however, a case of non-Hodgkin's 
lymphoma with similar nail banding during combin- 
ation chemotherapy with doxorubicin, cyclo- 


phosphamide, vincristine, and prednisone (Gottlieb 
et al., 1973) without raised plasma ACTH and 
8-MSH levels. 


Case report 


A 10-year-old Japanese girl was admitted on 
3 September 1975 with a 2-month history of head- 
aches in the right temporal region. A round hard 
tumour, 2 cm in diameter, was found there. A 
diagnosis of non-Hodgkin’s lymphoma was made by 
total extirpation 9 days later. After radiation therapy 
and systemic chemotherapy combined with vin- 
cristine, cytosine arabinoside, 6-mercaptopurine 
riboside, and cyclophosphamide, remission was 
achieved in about 4 months. In the following March 
a massive invasion to the gums and enlargement of 
both kidneys were noticed. One week later a 5-day 
repeated course of combination chemotherapy with 
a two-week cycle was started. During the first cycle 
of this therapy, the metastatic lesions noted above 
were nearly eradicated and in May, shortly after 
completion of 3 cycles, à black longitudinal band, 
and a brown transverse band were noticed in the nail 
of the left thumb (Fig.). The total doses administered 
up to this time, were cyclophosphamide 9000 mg and 
doxorubicin 120 mg. 3 weeks later this transverse 





Fig. Pigmented transverse bands in both thumb nails and a longitudinal band in the left thumb nail in a 10-year-old girl. 
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banding had developed in all fingernails and 
increased to two to three bands in each. The toenails 
were normal. Plasma specimens taken before, during, 
and after a 5-day course of combiration therapy 
showed that ACTH levels were 55, 94, and 40 pg/ml, 
respectively, and 6-MSH was undecectable (<50 
pg/ml). 


Discussion 


ACTH and MSH are known to have the potential to 
induce darkening of human skin. It has also been 
shown that both hormones are capable of form- 
ing pigmented banding in fingernails (Lerner and 
McGuire, 1964). Bondy and Harwick (1969) reported 
a case of longitudinal nail banding with a markedly 
raised plasma MSH which appeared after bilateral 
adrenalectomy. This evidence indicates that the nail 
changes in patients with tumours could be due to an 
increased release of ACTH and/or MSH from the 
pituitary following hypoadrenalism, which is caused 
through some undetermined mechanism by anti- 
cancer agents. However, plasma levels of these 
hormones in our case do not support this. We 
therefore believe that an alternative hvpothesis may 
be necessary to explain the appearance of the nail 
pigmentation. 


Summary 


In order to elucidate the mechanism of the pigmented 
bending in the fingernails in patients with malignant 
disease, plasma ACTH and 8-MSH levels were 
determined in a 10-year-old Japanese girl with non- 
Hodgkin’s lymphoma. The pigmented banding 
appeared during treatment with a combmation of 
doxorubicin, cyclophosphamide, vircristine, and 
prednisone. Specimens taken before, during, and 
after a 5-day course of therapy showed that ACTH 
was 55, 94, and 40 pg/ml, respectively, and B-MSH 
was <50 pg/ml in all 3 samples. 


We are grateful to Dr Yukio Hirata, Department of 
Internal Medicine, University of Kobe School of 
Medicine for assay of plasma ACTH and B-MSH. 
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Early onset of homozygous 
6°-thalassaemia associated with 
neonatal jaundice 


Thalassaemia major usually manifests itself only at 2 
to 3 months of age (Weatherall and Clegg, 1972; 
Oski and Naiman, 1972). A defect of B-chain 
synthesis in fact would not be expected to reduce 
total haemoglobin concentration and lead to a 
high degree of «-chain precipitation until after the 
first few months of life when the synthesis of y-chain 
has declined sufficiently and the synthesis of B-chain 
predominates. This paper concerns an infant with 
homozygous 6°-thalassaemia with onset of severe 
anaemia at 5-6 weeks of age after exchange 
transfusions for hyperbilirubinaemia of unknown 
aetiology. 


Methods 


Haematological values were determined on a 
Coulter Counter model ZBI. Osmotic fragility was 
assessed by the Simmel method (Silvestroni and 
Bianco, 1945). HbA, was determined by DE- 
microchromatography (Huisman et al., 1975), and 
HbF by the method of Singer et al. (1951). Globin 
chain synthesis was measured in the peripheral 
blood reticulocytes by methods previously described 
(Kan et al., 1968). 


— 
~ 


Case report 


The propositus, a 2-month-old girl, was the product 
of the fourth pregnancy of a 33-year-old mother. 
The father was aged 32 years. The union was not 
consanguineous. Both parents were of South 
Sardinian extraction. The first pregnancy terminated 
with the birth of a stillborn male. The first 2 children 
are healthy. 


Gestation was full term; birthweight 3.7 kg 
(between the 50th and 75th centiles), length 50 cm 
(between the 25th and 50th centiles). She was 
admitted on day 5 of life because of increasing 
jaundice associated with haematemesis noted for the 
first time on the first day of life. 


The liver and spleen were not enlarged. Bilirubin 
was 28 mg/100 ml (478-8 umol/l) with 1 mg (17:1 
umol/l) in the conjugated form. Hb was 13 g/dl; 
haematocrit 39%; red cell count 3:51 x 109/mm? 
(x 10!/1); MCV 111 p? (111 fl); MCH 37 pg; and 
MCHC 33 g/dl. The reticulocyte count was 5% 
and there were 2 nucleated red blood cells per 100 
white blood cells. Her blood group phenotype was 
A-CcDee-kk. The mother’s blood group phenotype 
was O-CCDee-kk. Direct and indirect Coombs’s 
test were negative; G6PD activity normal. 


She had two exchange transfusions, each of 600 ml 
of whole blood on days 5 and 10 of life. On day 4, 
after the second exchange transfusion, Hb was 7 g/dl. 
She then had two transfusions each of 200 ml whole 
blood. At day 16 enlargement of liver and spleen 
was noted. 


At the age of 40 days she was discharged with an 
Hb level of 10:2 g/dl. At 2 months she was admitted 
to the paediatric department because since discharge 
the parents had noticed pallor, failure to thrive, and 
poor feeding. Physical examination showed marked 
anaemia. Weight was 4:15 kg (between the 3rd and 
10th centiles), length 57 cm (between the 25th and 
50th centiles). The liver was palpable 3 cm and the 
spleen 2 cm below the costal margins. Follow-up 
showed that she had thalassaemia and was highly 
dependent on transfusion. The transfusion pro- 
gramme gave an annual mean Hb level of 10:5. 
Annual blood consumption was 300 ml/year; the 
rate of fall in Hb after transfusion was 1% (% of 
post-transfusion Hb/day) and the transfusion 
quotient (Modell, 1976) was 1:3. 

Haematological data of the propositus and her 
parents are given in the Table. Bilirubin was 0:81 
mg/100 ml (13:9 wmol/l); conjugated 0:24 mg/100 
ml (4:1 umol/l). Reticulocyte count was 6% and 
there were 77 nucleated RBC/100 WBC. Blood 
smears showed hypochromia, anisopoikilocytosis, 
polychromasia, and marked basophilic stippling. 
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Smears stained with methyl violet showed no inclu- 
sion bodies. Direct and indirect Coombs's tests were 
negative. Serum iron was 28 umol/l (156 wg/100 ml) 
and total iron binding capacity 60 umol/l (335:2 
ug/100 ml). Red cell osmotic fragility was slightly 
decreased. G6PD activity was 6 umol/g Hb (normal 
value 4-9), and pyruvate kinase 150 mU/10? RBC 
(normal value 60-220). HbF was 25-42% HbA, 
1:909. No abnormal haemoblobins were detected. 
The heat stability test and the isopropanol precipita- 
tion test showed no unstable Hb variants. The 
myeloid:erythroid ratio was 0-65. 

9-globin-chain synthesis was found to be undetect- 
able. Peripheral blood smears of both parents showed 
slight to moderate anisocytosis and occasional 
target and hypochromic cells. HbA, was raised and 
HbF levels were normal in both the mother and 
father (Table). These data showed that both parents 
are heterozygous for a 9-thalassaemia gene. 


Table Haematological data 











Infant, at Mother Father 
age 8 w 
Hb (g/dl) 5.8 11-2 13-4 
Haematocrit ( 54) 20 36.9 41. 
Red blood cell 2.5 372 6-96 
(x 105/mm3) 
MCV (43) 83 64 60 
MCH (pg) 22-3 20-2 19-2 
MCHC (g/dl) 27-6 31-4 31-9 
Hb A2 (%) 1-9 5.03 4-59 
Hb F (%) 25-42 Normal Normal 
a/y ratio 2-51 
Discussion 


9-thalassaemia usually develops so slowly and 
insidiously that considerable time elapses before 
it becomes noticeable. Most children with 
thalassaemia are diagnosed by the end of the first 
year of life. However, a careful examination of some 
infants at risk followed from birth showed significant 
anaemia at 7 to 8 weeks of age (Oski and Naiman, 
1972). Our patient showed neonatal jaundice and 
an earlier onset of severe anaemia with a decrease in 
Hb concentration to 5:6 g/dl at 8 weeks of age. 
Severe jaundice in the presence of a moderate Hb 
level and a moderate reticulocyte count suggest acute 
haemolysis of recent onset rather than long-standing 
red cell destruction. As all other common causes of 
neonatal jaundice had been excluded in our patient 
it is possible that thalassaemia itself was the cause 
of the jaundice. The very rapid fall in Hb, even for a 
newborn, indicating an excessive red cell destruction 
from birth which could exceptionally occur in 
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thalassaemia, adds validity to the above suggestion. 
As shown in the follow-up data this very rapid fall 
in Hb was essentially limited to the first 2 months of 
life. Alternatively, the early onset of the disease may 
have been caused by the exchange transfusion 
performed at birth for hyperbilirubinaemia of 
unknown aetiology. 

Blood regeneration after exchange transfusion 
occurs at a time when the synthesis of y-chain has 
declined and the synthesis of $-chain predominates. 
For this reason the genetic defect of $-chain synthesis 
would be expressed clinically earlier than usual. 
This hypothesis would be correct only if the exchange 
transfusion had lowered the infants Hb. However, 
the low Hb level observed after the exchange 
transfusion was quickly corrected by transfusion of 
400 ml whole blood, which should have raised her 
Hb to at least 17 g/dl. 

From a practical point of view this paper demon- 
strates the use of globin-chain synthesis measure- 
ments in the identification of homozygous 
6-thalassaemia when haematological data are incon- 
clusive. This should also be considered in the 
differential diagnosis of hypochromic anaemia 
developing in the first 2 months of life after ex- 
change transfusion at birth. 


Summary 


An infant with homozygous {°-thalassaemia de- 
veloped neonatal jaundice and severe anaemia 
during the first few weeks of life. It is suggested that 
thalassaemia itself with excessive red cell destruction 
from birth could be the cause of neonatal jaundice 
and early presentation of the disease. Alternatively, 
this early onset may depend on exchange transfusion 
performed at birth for jaundice of unknown aetiology. 
Globin-chain synthesis measurement is useful in the 
identification of homozygous ($°-thalassaemia when 
the haematological data are inconclusive. 


This work was supported by a grant from Assessorato 
Igiene & Sanita Regione Autonoma Sarda. 
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Chronic myeloid leukaemia in a child 


A closely observed case 


Chronic myeloid leukaemia (CML) is occasionally 
manifest in adults by the finding of a persistent 
neutrophil leucocytosis with no apparent cause. 
Signs of CML then develop and the disease pursues 
its usual fatal course. Philadelphia chromosome 
(Ph!) positive ‘adult type’ CML is rare in childhood: 
the Manchester Children’s Tumour Register notes 
only 9 cases in 23 years. We here report the case of a 
12-year-old boy who was found to have a persistent 
leucocytosis after an operation. The Ph! chromosome 
was found in the marrow and 21 years later the 
disease transformed into an acute leukaemia, 
apparently lymphoblastic and with central nervous 
system (CNS) leukaemia. 


Case report 


A Pakistani boy was found to have an undescended 
left testis and was admitted for orchidopexy. Pre- 
operative Hb level was 12-3 g/dl and physical 
examination unremarkable; the spleen was not 
palpable. After a routine, uncomplicated operation 
he became very ill with a toxic confusional state. 
White cell count was 76 x 10?/l, with 99% neutro- 
phils showing marked ‘toxic’ granulation. Platelet 
count was also high (410 x 10?/I). His temperature 
rose to 40°C on the second postoperative day and a 
clinical diagnosis of septicaemia was made although 
no organism was grown from the blood. There was 


considerable haematoma formation in the wound 
which had to be re-explored twice; it healed very 
slowly. Despite clinical improvement, the white 
cell count remained high and the marrow was there- 
fore examined. An aspirate showed it to be active 
and hypercellular but without morphological ab- 
normality. 

The Ph! chromosome was demonstrated in every 
metaphase examined and it became clear this was 
indeed a case of CML. Other findings at this time 
included a normal serum B12 level (187 pg/ml) with 
B12 binding proteins raised to twice normal (3510 
pg/ml) and a relative increase of transcobalamin I 
(36%). The neutrophil alkaline phosphatase score 
was high (280) on one occasion, but low (10-20) 
thereafter (normal range 30-100). HbF was not 
increased. 

The patient was observed without specific treat- 
ment but his parents requested that a more aggressive 
approach be taken and so he was treated with the 
COAP regimen, i.e. a single injection of vincristine 
and cyclophosphamide followed by 5 days of cytosine 
arabinoside and prednisolone. Initially this was 
given in reduced dosage but then continued with full 
doses. This produced little change in the blood or 
bone marrow. He was next treated with busulphan, 
then underwent splenectomy, and subsequently given 
busulphan maintenance. The Fig. shows some 
haematological parameters of his progress. 

More than 2 years after presentation and while on 
busulphan, the white cell count rose dramatically 
and examination of the marrow clearly showed 
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blastic transformation. The blast cells resembled 
lymphoblasts; all special stains, namely PAS, Sudan 
black, and peroxidase, were negative. The great 
majority of cells bore neither T nor B cell markers 
and in vitro culture of the marrow persistently 
showed very low numbers of colony-forming cells 
and clusters and a deficient production of colony- 
stimulating factor. However, terminal deoxynucleo- 
tidyl transferase activity was shown in the blood on 
several occasions with raised levels of 2 U/109 cells. 
(Dr R. Saffhill). 

He was given vincristine and prednisolone and 
continued on the Memphis VIII protocol for acute 
lymphoblastic leukaemia (ALL) with weekly metho- 
trexate, daily 6-mercaptopurine, and 3-monthly 
vincristine and prednisolone. After this he was 
troubled by recurrent epistaxes, febrile episodes, and 
the side effects of the corticosteroids, but remained 
well enough to attend school at least intermittently. 
The bone marrow showed a partial response to 
therapy, in that it became hypoplastic with less than 
10% of blasts, but this was not maintained. 

Nine months after transformation, he was re- 
admitted with a feverish illness, headache, and 
lassitude, and although there were no focal neuro- 
logical signs, a lumbar puncture showed white cells 
(825 x 10°/l) almost all of which were leukaemic 
blasts. A diagnosis of CNS leukaemia was made and 
he was given intrathecal methotrexate. The blasts 
appeared more undifferentiated than previously, but 
terminal deoxynucleotidyl transferase levels were 
still raised. 
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Discussion 


There are two points of interest in this case. Firstly, 
as far as we know, this form of presentation of CML 
has not been reported in a child; and secondly, the 
transformation into an acute disease resembling 
ALL has been observed closely throughout. 

Adults have occasionally been described who 
developed a neutrophil leucocytosis and were found 
to have a Ph! chromosome in their marrows. Such 
patients often remain well for long periods (e.g. 
Canellos and Whang-Peng, 1972) until acute trans- 
formation occurs. This is generally thought to be 
the fortuitous discovery of the disease during its 
long presymptomatic period. This boy almost 
certainly had a leucocytosis before his operation and, 
postoperative problems apart, was without symptoms 
for a further 2 years. Recently there have been 
reports of cases of apparent ALL in which the Ph! 
chromosome has been demonstrated (Beard et al., 
1976). It is thought that these may be cases of CML 
in which the chronic phase has escaped detection, 
either because it was entirely asymptomatic or very 
brief. Had this boy not had an operation, he almost 
certainly would have presented 24 years later in the 
gu:se of childhood ALL. 

The blast cells, whether inspected in the blood, 
marrow, or CSF appeared primitive and undifferen- 
tiated using Romanovsky stains, and were negative 
by common cytochemical techniques. The majority 
of cells in the marrow and CSF had neither T nor B 
cell markers, but terminal deoxynucleotidyl trans- 
ferase activity was detectable in the blood on several 
occasions after transformation, in concentration of 
the same order as is found in ALL. This enzyme is 
present in normal thymic cells and in normal bone 
marrow in low concentration, but high concentra- 
tions are thought to be a specific marker for lympho- 
blasts (McCaffrey et al., 1975; Hoffbrand ef al., 
1977), and a similar case to ours was described by 
Oken et al. (1976) in which the enzyme was a marker 
for the blast cells in transformed CML. 

The identity of the blast cells in transformed CML 
often presents a puzzle. In some cases, the resem- 
blance to myeloblasts is marked and cytochemical 
studies are consistent with this appearance. In other 
cases the resemblance to lymphoblasts is considerable 
and various lymphoblast markers may be shown. 
Shaw et al. (1975) stressed the heterogeneity of the 
appearance of the cells in their series of transformed 
cases of CML. 

Modest success has been reported in cases showing 
features of ALL by the use of treatments designed for 
that disease (e.g. Oken et al., 1976), and as the out- 
look is so black in transformed CML, this approach 


has much to recommend it. More fundamental 
questions are raised by the phenomenon of apparent 
translation of CML into ALL. These are discussed 
by Boggs (1975). 


Summary 


A. 12-year-old boy with persistent leucocytosis was 
found to have chronic myeloid leukaemia. 2 years 
later the disease transformed into an acute lympho- 
blastic leukaemia-like syndrome, with central 
nervous system leukaemia and terminal deoxy- 
nucleotidyl transferase activity in the blood. 


We are grateful to Dr R. Saffhill for the enzyme 
assays, Dr N. Testa for marrow culture studies, and 
Dr S. Kumar for the cell marker studies. D. I. K. E. 
acknowledges receipt of a grant from the Leukaemia 
Research Fund. 
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Familial haemolytic uraemic 
syndrome 


Since the first report by Gasser et al. (1955) of the 
haemolytic uraemic syndrome (HUS) in childhood, 
this condition has remained relatively uncommon in 
Britain, which is not an endemic area. Reports have 
recently accumulated of 2 sibs affected, which 
prompted Kaplan et al. (1975) to review 41 families 
with 83 affected sibs. In the majority of these pairs 
the syndrome occurred simultaneously, implying an 
infective aetiology, as in the environmental study by 
Van Wieringen et al. (1974), or environmental 
factors, with a mortality of 1977. However, other 
pairs of similar age of onset, but where the presenta- 
tion was separated by one or more years, were more 
likely to have a genetic basis. The mortality in this 
group was high (68%). Though rare, these genetic 
cases seem to be relatively more common in areas 
which are not endemic. We therefore report 4 cases 
of HUS occurring in the same family in two genera- 
tions. 


Case reports 


Case 1. A 5-month-old boy was admitted to hospital 
on 1 December 1974 with a 7-day history of upper 
respiratory infection, associated with vomiting and 
anorexia. For 3 days he had been pale, and his 
urine blood stained. Examination showed marked 
anaemia and a blood pressure of 110/60 mmHg. 
The urine contained red cells. Initial investigations 
showed haemoglobin 4:5 g/dl, platelets 68 x 10?/l, 
reticulocytes 8:594, urea 23:3 mmol/l (140:4 
mg/100 ml), fibrin degradation products 10-40 
umol/l. Blood film showed schistocytes and burr 
cells. 

He was treated with blood transfusions, heparin, 
and prednisolone. Hypertension was controlled with 
methyldopa and  bethanidine. Nevertheless his 
clinical course was one of relentless deterioration. 
He became oliguric, requiring peritoneal dialysis 
which was given for a total of 23 days. When 
dialysis was abandoned he remained virtually anuric 
and died on 24 January 1975. Post-mortem histo- 
logical examination of the kidneys confirmed the 
microvascular occlusions and glomerular tuft 
necrosis of thrombotic microangiopathy. 


Case 2. The 5-month-old brother of Case 1 was 


— admitted to hospital on 15 October 1976 with a 


4-day history of upper respiratory infection and a 
1-day history of vomiting, anorexia, and passing red 
urine. Examination showed him to be anaemic with 
a blood pressure of 160/100 mmHg. The urine con- 
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tained red cells, white cells, hyaline and granular 
casts. Initial investigations showed Hb 7:3 g/dl, 
platelets 110 x 10?/l, reticulocytes 6%; blood films 
showed schistocytes and burr cells. Fibrin degrada- 
tion products 10-40 umol/l; urea 13:8 mmol/l (83 
mg/100 ml). 

He was treated with blood transfusions, heparin, 
and hypotensive drugs. Urine output continued 
normally for the first month with the urea only 
slightly raised. A single dose of urokinase (20 000 U) 
was infused into the left renal artery on the seventh 
day after admission. The hypertension was ex- 
tremely difficult to control despite treatment with 
minoxidil in large dosage (15 mg bd) and beta- 
adrenergic blockade. Renal failure became pro- 
gressively more severe. A single peritoneal dialysis 
was carried out on 24 November 1976, but he 
steadily deteriorated and died on the 5th of January. 
Permission was not obtained for an necropsy. 


Case 3. A 26-year-old woman was admitted in 
October 1966, 5 weeks after a normal pregnancy and 
delivery with a 1-week history of anorexia, diarrhoea, 
and vomiting. 3 weeks previously stilboestrol had 
been given for 10 days to suppress lactation. She 
was pale with a puffy face. Initial investigations: 
Hb 8:54 g/dl, platelets 142 x 10?/l, reticulocytes 
11°, and blood urea 57 mmol/l (345 mg/100 ml). 
A progressive down-hill course followed, despite 
conventional heparin and dialysis therapy, and com- 
plications included convulsions and epistaxis, pul- 
monary oedema, and pericarditis. She died 2 months 
after admission. Histology: both biopsy and 
necropsy showed the characteristic thrombi in 
glomerular tufts and afferent arterioles of HUS or 
thrombotic thrombocytopenic purpura. 


Case 4. The 23-year-old sister of Case 3 was admitted, 
in January 1963 with an acute history of nausea, 
vomiting, facial and ankle oedema. During the 
next week she became oliguric and blood urea rose 
to 53:8 mmol/l (324 mg/100ml). Blood pressure was 
180/120 mmHg. Subsequently she became anuric 
and had convulsions and pulmonary oedema. 
Despite dialysis, she died 2 weeks after admission. 
At post-mortem the kidneys were large and firm and 
histology again showed thrombotic microangiopathy 
and the typical lesions of HUS or thrombotic 
thrombocytopenic purpura. 


Family history 


The relevant portion of the family tree is shown in 
the Fig. The affected boys' parents did not appear 
to be related, and the father's relatives had no 
history of HUS. The maternal great uncle died at 
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the age of 24 with the diagnosis of Bright's disease. 
Perhaps today's diagnosis would have been throm- 
botic thrombocytopenic purpura or HUS. The son 
of Case 3 is reported to be in good health. 


Discussion 


The fatal outcome in this family, the study by Farr 
et al. (1975), and the reports of 3 infant sibs 
(Kaplan et al., 1975) and 4 sibs from Zurich (Bláttler 
et al., 1975) all of whom died, together indicate a 
grave prognosis in cases where more than 2 family 
members are affected. It seems likely that the 
stronger the genetic evidence, the worse the prog- 
nosis. This family and its case pattern strongly 
support a genetic predisposition as an aetiological 
factor in some cases of HUS. Farr et al. (1975), 
however, were unable to identify red cell or HLA 
genetic markers in their family study. The inheritance 
pattern in this family, where first-cousin marriages 
were frequent, would fit an autosomal recessive 
rather than dominant mode of transmission. 
Dialysis and renal transplantation offer survival 
prospects to some victims, but it is doubtful whether 
conventional therapeutic measures for HUS can 
alter the outcome in these cases. 


Summary 


Two pairs of cases of HUS are reported from two 
generations in a family where first-cousin marriages 
have been frequent. All 4 died. We suggest that 
there is a high expected mortality in those familial 
cases of HUS where genetic factors are strongest. 
An autosomal recessive inheritance pattern is 
suggested in this family. 


We thank Dr F. S. W. Brimblecombe for per- 
mission to report the 2 younger cases, and for help 
with this paper. 
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Congenital heart block and 
hypothyroidism 


Complete heart block has been reported in associa- 
tion with thyrotoxicosis (Stern et al., 1970; Kernoff 
et al., 1973; Fairfax and Leatham, 1975), and 
hypothyroidism (Singh ef al., 1973; Fairfax and 
Leatham, 1975) in adults. Autoimmunity (Zoob and 
Smith, 1963) and myocarditis (Hudson, 1965) have 
been implicated. I describe a case here in which 
hypothyroidism was associated with congenital 
heart block. I have not been able to discover another 
such case in the literature. 


Case report 


The mother of the patient, aged 30, blood group 
B Rh positive, had a previous normal child. She 
developed rheumatoid arthritis after his birth and 
was treated with aspirin alone. She became pregnant 
again soon after diagnosis. There is no relevant 
family history. 

In this pregnancy polyhydramnios was noted by 
the obstetrician at 36 weeks and she had mild oeder 1 
of the legs at 38 weeks’ gestation, treated with hydi . 
chlorothiazide, reserpine, and potassinm chloride 


(Salupres), one tablet twice a day. Delivery 
was induced electively at term by forewater amnio- 
tomy and oxytocin drip. Fetal heart was noted to be 
steady at 130-140/minute. With the change of nursing 
staff in the labour ward a 'drop' in fetal heart was 
noted from 132/min to about 68/min, and then to 
about 30-40/min. Midcavity forceps were applied 
and a girl was delivered quickly because of ‘fetal 
distress’. Mother had pethidine 100 mg and proma- 
zine 25 mg 63 hours before delivery. 

Baby’s condition was good at birth. Apgar score 
was 8 at one minute and 9 at five minutes. Heart 
rate was 60/min with extra beats. A midsystolic 
murmur was heard along the left lower sternal edge 
and at the apex. Birthweight was 3:365 kg, length 
50 cm, head circumference 36 cm. She went home 
after 8 days weighing 3:38 kg on breast feeding. 
Electrocardiogram (Fig. 1) showed complete heart 
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block. Chest x-ray showed a large heart with well 
aerated lung fields. Mild jaundice was noted on the 
third day but it cleared without treatment by 6 to 7 
days. The probable explanation of the ‘drop’ in fetal 
heart rate was that nurses were countirg two heart 
sounds as two heart beats because of slow heart rate. 
When the heart rate was correctly counted it was 
thought to have ‘dropped’ from a steady 130-140/min 
to 68/min, i.e. to exactly half. 

The baby was followed up for congenital heart 
block. At 1 month she looked well, was feeding well 
on the breast, and was gaining weight. Heart rate 
was 40/min and weight 4 kg. 

At 3 months she was seen again for a history of 
poor feeding, sleeping most of the time, not having 
smiled, and not taking much notice of the sur- 
roundings. She was not constipated. On examination 
she looked hypothyroid (Fig. 2a). Her tongue was 
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Lead II taken at 1 mV showing complete heart block. 
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(a) Baby aged 3 months, showing typical features of hypothyroidism, before treatment. (b) Aged 7 months, 


months after starting treatment, showing squint but otherwise normal features. 


Ja " 


258 Short reports 


large, she had a hoarse cry, her hair was not coarse, 
her skin was smooth. Heart rate was 48/min. Thyroid 
function tests done by competitive protein binding 
and x-ray for bone age confirmed the diagnosis. 
Serum thyroxine —0-5 ug/100 ml (—6-4 umol/l); 
free thyroxine index <0-5 ug/100 ml ( —6-4 umol/l); 
triiodothyronine uptake 147; thyroid-stimulating 
hormone, —30 ng/l; cholesterol 275 mg/100 ml 
(7:5 mmol/l). No ossification of upper femoral 
epiphysis or at the wrist, suggesting delayed matura- 
tion. 

She was started on rapidly increasing doses of 
thyroxine starting from 0-025 mg daily, going up to 
0:175 mg daily in 24 months. Heart rate remained 
between 48 and 60/min. 

At one year she was sitting unaided, rolling over, 
reaching out for toys, said ‘dad-dad’, * mum-mum? 
etc., had 7 teeth, and was bright and alert (Fig. 25). 
Development was consistent with the age of 9 
months. Heart rate was 48/min. Electrocardiogram 
has shown no change. She has a squint which is 
being treated by an ophthalmologist. 


Summary 


A. case is described in which congenital heart block 
was associated with hypothyroidism. The hypo- 
thyroidism is being treated successfully with 
thyroxine, but this has had no effect on the heart 
block. 


I am grateful to Dr E. H. Back for allowing me to 
report this case under his care. 


References 


Fairfax, A. J., and Leatham, A. (1975). Idiopathic heart 
block: association with vitiligo, thyroid disease, pernicious 
anaemia and diabetes mellitus. British Medical Journal, 4, 
322-324. 


Hudson, R. E. B. (1965). Acquired heart block. Cardio- 
vascular Pathology, Vol. 1, pp. 106-113. Arnold, London. 

Kernoff, L. M., Rossouw, J. E., and Kennelly, B. M. (1973). 
Complete heart block complicating thyrotoxicosis. 
South African Medical Journal, 47, 513-515. 


Singh, J. B., Starobin, O. E., Guerrant, R. L., and Manders, 
E. K. (1973). Reversible atrioventricular block in 
myxedema. Chest, 63, 582—585. 


Stern, M. P., Jacobs, R. L., and Duncan, G. W. (1970). 
Complete heart block complicating hypothyroidism. 
Journal of the American Medical Association, 212, 2117— 
2119. 


Zoob, M., and Smith, K. S. (1963). The aetiology of complete 
heart block. British Medical Journal, 2, 1149-1153. 


A. A. SYED 
Northgate Hospital, Great Yarmouth, Norfolk. 


Correspondence to Dr A. A. Syed, Department of Paediatrics, 
St. Margaret's Hospital, Epping, Essex. 


Note added in proof: The baby died suddenly on 
8 November 1977. She was seen on 4 November and 
was extremely well, walking and talking, her develop- 
ment nearly normal. She still had a complete heart 
block and presumably had sudden arrhythmia which 
resulted in her death. Necropsy showed evidence of 
subendocardial fibroelastosis. 
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Sunlight, diet, and 25-hydroxyvitamin D levels in 
White West Midlands children. E. M. E. Poskitt. 
Institute of Child Health, Alder Hey Children's 
Hospital, Liverpool. D. E. M. Lawson and T. J. 
Cole. MRC Dunn Nutrition Laboratories, Cam- 
bridge. 


Serum 25-hydroxyvitamin D (25-OHD) was mea- 
sured once between October 1974 and March 1976 
in each of 110 White 5-year-old West Midlands 
children. Values for 25-OHD ranged from 6:4 
ng/ml to 37-1 mg/ml. There was a marked seasonal 
variation with maximum values for 25-OHD in mid- 
August and minimum values in mid-February. 
Intake of vitamin D estimated by 24-hour dietary 
recall was lower than recommended in most children. 
In 88% of the children intake was —2-5 ug (100 
IU) vitamin D per day and 67% of children had 
intakes less than half this recommended amount. 
Nevertheless, correlation between dietary intake of 
vitamin D and serum 25-OHD was not significant, 
even allowing for the seasonal variation in 25-OHD. 

There was a correlation between hours of sunshine 
recorded in the 4 weeks before the blood sampling 
and 25-OHD (r = 0-397, P —0-001) and between 
the seasonal UV energy of the sunlight and 25-OHD 
(r = 0-446). However, correlation with 25-OHD 
was greater (r = 0-452) for the combined product 
of sunshine and UV light. Peak values for 25-OHD 
occurred about 6 weeks after the peak for sun and 
UV light. Therefore, 25-OHD levels were falling 
before utilisation of vitamin D would be expected to 
exceed synthesis, suggesting that there may be a 
feedback mechanism controlling either the rate of 
synthesis or the liberation of 25-OHD into the blood. 
Children who had had a summer holiday at the sea- 
side had 25-OHD levels 3 ng/ml higher for the time 
of year than children who had had no holiday away 
from home. It is concluded that the degree of 
exposure to sunlight of 25-OHD synthesising wave- 
length is more important than the dietary intake of 
vitamin D in determining serum 25-OHD levels in 
healthy White British children. 


Biology of drip breast milk. A. Lucas, J. A. H. Gibbs, 
and J. D. Baum. Department of Paediatrics, John 
Radcliffe Hospital, Oxford. 


nil’ which drips from the opposite breast 


during breast feeding (DBM) is used in some centres 
to feed preterm babies, yet there is little scientific 
information on the biology of this secretion. Samples 
of DBM, donated to the Oxford milk bank, were 
analysed for fat, protein, lactose, Na, K, Ca, Mg, 
osmolarity, lysozyme and caloric content, and 24- 
hour volumes were recorded. These factors were 
studied sequentially in relation to the postpartum 
age of the mother. In addition, certain characteristics 
of women who produce DBM were compared with 
those of lactating women who do not. In order to 
measure the fat and caloric content of human milk, 
a simple microcentrifugation method has been 
developed, based on the measurement of percentage 
cream, 'creamatocrit. Women who produce DBM 
showed no difference in age of parity from those who 
did not, and their babies did not differ in sex, 
gestation, or birthweight. 

In contrast to expressed breast milk, DBM has a 
low fat and caloric content which decreases pro- 
gressively post-partum. The fat and caloric content 
at any stage of lactation is linearly related to the 
daily volume of DBM produced. The protein and 
Na content of DBM falls during the period of 
lactation, whereas the Ca and Mg rises: lactose, 
potassium, osmolarity, and lysozyme content do not 
change. The average daily volume of DBM produced 
does not change until weaning. A knowledge of this 
predictable pattern of changes in DBM can be used 
to select donors for a DBM bank. These longitudinal 
studies show that DBM differs from average EBM 
though the changes seen in DBM composition may 
reflect the changing composition of foremilk. 


Variations in weight velocities with changes in infant 
feeding regimens and incidence of breast feeding. 
L. Taitz. Children's Hospital, Sheffield. 


The years 1971 to 1977 have seen profound changes 
in artificial feeding patterns in S. Yorkshire infants 
from an intake of over-concentrated full-cream for- 
mulae with very early introduction of solids, to 
the universal use of modified milks with no solid 
in the first 6 weeks of life. These changes have been 
coupled with a gradual but progressive rise in the 
number of breast-fed infants. Analysis of the inci- 
dence of breast feeding in primaparae and multiparae 
indicates that the trend towards breast feeding is 
still upward. 
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During this period rates of weight gain of arti- 
ficially-fed infants have fluctuated widely, with a 
progressive fall in weight velocities associated with 
the following changes in feeding pattern. Compari- 
sons will be presented of weight velocities associated 
with the following feeding regimens. (1) Full-cream 
milk with very early introduction of solids. (2) Full- 
cream milk with later introduction of solids. (3) 
Modified milks without solids. 

The weight velocities of breast-fed infants have 
shown considerable stabilitv throughout the period 
of study and are similar to those reported for breast- 
fed American infants. The implications of these 
findings are that rates of weight gain in early infancy 
are very sensitive to dietary regimens even within an 
apparently normal range of caloric intake, and that 
since rates of gain of breast-fed infants are stable 
over a period of time, they should be used as the 
basic yardstick of comparison. 


Determination of body fat. Lorna J. Hawk (intro- 
duced by C. G. D. Brook). Middlesex Hospital, 
London. 


Computerised axial tomography ard acute neuro- 
logical problems of childhood. R. E. Day, J. D. G. 
Thomson, and W. H. Schutt. Frenchay Hospital, 
Bristol. Published in full in the Archives, 1978, 53, 
2-11. 


A study of behavioural effects of anticonvulsant therapy 
in epileptic children with behaviour disorder. D. H. 
Mellor and I. Lowit. Paediatric Assessment Unit, 
City Hospital, Nottingham. 


Evaluation of the ‘Sheffield’ at risk scoring system 
for unexpected death in infancy: preliminary results 
from 11 areas. J. R. Oakley, C. J. Tavaré, and A. N. 
Stanton. Children’s Hospital, Western Bank, 
Sheffield. 


The present 'Sheffield' scoring system (Carpenter 
et al, 1977) uses 8 factors, each with a numerical 
weighting, to discriminate within the first few days 
of life between normal children and children likely 
to die unexpectedly in infancy. The system identifies 
nearly 60% of subsequent deaths in approximately 
1555 of the population. In a retrospective study we 
analysed the maternity notes of 234 unexpected 
infant deaths, together with 248 age- and area- 
matched controls from 11 areas (Manchester, 
Liverpool, Edinburgh, Leeds, Oxford, Gateshead, 
Newcastle upon Tyne, Barnsley, Doncaster, Rother- 
ham, Birmingham). In all, 4957 (115/234) of indexes 
scored 'at risk", together with 279; (66/248) on 
controls. This degree of discrimination would not 
be of use in a prospective prevention programme. In 


only one area, Gateshead, was there good discrimi- 
nation using the Sheffield system. 

Newcastle (56 cases) and Birmingham (83 cases) 
provided sufficient numbers for a case/control 
analysis of the 8 factors of the system, together with 
nearly 200 further variables obtained from maternity 
notes. There was no difference between cases and 
controls in either area for 5 of the 8 factors (maternal 
blood group, urinary tract infection during preg- 
nancy, length of second stage of labour, parity, or 
feeding intention on discharge). Maternal age, birth- 
weight, and twins maintained significant differences. 
Several other factors achieved significant case/ 
control differences, notably that the mothers of 
index cases booked later at hospital, and had a 
shorter interval between consecutive pregnancies. 

It appears that the Sheffield discriminant needs to 
be refined for use in other communities. Our data 
suggest that there are too few factors available from 
maternity notes, which maintain a case/control 
difference in all areas, to produce a discriminant for 
common use. Work continues in the 11 areas to add 
easily obtainable objective environmental factors to 
those available from maternity notes, in the hope 
that we can produce a common discriminant for 
use in prospective studies in many communities. 


This work was funded by a grant from the DHSS. 
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New method of demonstrating the pulmonary arteries 
in children with pulmonary or tricuspid atresia. 
M. L. Rigby, R. Astley, and S. P. Singh. Depart- 
ment of Cardiology, Children’s Hospital, Birming- 
ham. 


In cyanotic congenital heart disease surgical treat- 
ment is frequently governed by the size and anatomy 
of the pulmonary arteries. This is particularly true 
in patients with pulmonary atresia or tricuspid 
atresia in whom it may be difficult to demonstrate 
the pulmonary arteries by conventional methods. 
The anatomical characteristics of the pulmonary 
arteries were investigated in 28 neonates, infants, 
and children with pulmonary atresia or under- 
developed pulmonary arteries, by selective pulmonary 
venous angiography and by conventional cardiac 
catheterisation and angiography. By injecting radio- 
Opaque contrast medium into a pulmonary vein it 
was possible to show the size and extent of the 
pulmonary arteries more clearly than by standard 
methods. The passage of contrast medium to the 


i 


pulmonary arteries appeared to take place proximally 
and not via pulmonary capillaries. The demonstra- 
tion of these proximal communications between the 
pulmonary arteries and pulmonary veins may offer 
an explanation for the occurrence of right-to-left 
shunting in neonates and infants without congenital 
heart disease. 


Rat model of human asthma. F. Carswell and 
J. Oliver. Bristol Children’s Hospital. 


Animal models of asthma may allow the intra- 
pulmonary immunological processes to be investi- 
gated in detail. They also permit standardisation of 
the initial sensitisation. Hooded Lister rats were 
sensitised to DNP-ovalbumin by intraperitoneal 
injection. The respiratory response to aerosol 
challenge was measured by whole body plethysmo- 
graphy. Sensitised rats showed a fall in respiratory 
rate, reduction in minute volume, and a decrease in 
expiratory flow rate which was significantly greater 
than that produced in control unsensitised rats on 
aeroso! challenge with DNP-ovalbumin. The magni- 
tude of the respiratory response did not correlate 
with the specific IgE concentration in the serum of 
the sensitised rat immediately before challenge. A 
similar pattern of respiratory response was inducible 
in unsensitised rats by prior administration of IgE- 
rich sera. The magnitude of the respiratory response 
in these passively sensitised rats was related to the 
quantity of specific IgE injected. The respiratory 
response was not produced by challenging actively 
sensitised rats with intragastric DNP-ovalbumin but 
these rats did respond to subsequent aerosol 
challenge. Our preliminary results suggest that the 
respiratory response of the sensitised rat to aerosol 
challenge is IgE-mediated. The route of presentation 
of the antigen clearly modifies the reaction, emphasis- 
ing the relevance of local immunological events in 
IgE-mediated respiratory reactions. 


Pulmonary pressure/volume relationships during last 
phase of delivery and first postneonatal breaths in 
human subjects. R. A. Saunders and A. D. Milner. 
Department of Child Health, University of Notting- 
ham and Nottingham City Hospital Maternity Unit. 


Foot length: new and potentially useful measurement 
in the neonate. D. James, E. Dryburgh, and M. L. 
Chiswick. Special Care Baby Unit, St. Mary’s 
Hospital, Manchester. 


^ It is difficult and often impossible to obtain baseline 
Neat follow-up measurements of weight, length, and 
“d_ circumference in neonates receiving intensive 
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care. The difficulty is one of gaining access without 
jeopardising the baby’s health. The foot, however, is 
easily accessible for measurement even in babies 
receiving intensive care in incubators. Height and foot 
length are closely correlated in adults (Dahlberg and 
Lander, 1948; Helmuth, 1974), and foot length in 
the fetus is closely related to body-length (Pospisilova- 
Zuzakova, 1962) and gestational age (Mankowski 
and Lawler, 1977). The purpose of this study was to 
investigate the relationship between certain indices 
of body size and gestational age with neonatal foot 
length. The length of the left foot was measured 
during the first 5 days of life using a foot-gauge 
designed and constructed in this hospital. To esti- 
mate within and between observer error the foot 
length was measured in one baby on ten occasions 
by one observer (mean 7:62 cm, SD 0-08 cm; 
coefficient of variation 1-057) and on one occasion 
by ten observers (mean 7:56 cm, SD 0-11 cm; 
coefficient of variation 1-46°%). 

152 infants were studied (124 singletons; 14 term 
pairs). Neonatal foot length in babies of appropriate 
weight for gestational age (AGA) was closely 
correlated with crown-heel length (r = 0-91), 
crown-rump length (r = 0-88), occipitofrontal 
circumference (r — 0-88), weight (r — 0-89), and 
gestational age (t = 0-86). The same close correla- 
tions were found in small-for-dates babies (SFD). 
The percentage reduction of the means of certain 
indices of body size in term SFD babies compared 
with term AGA babies were: weight (31 95), crown- 
heel length (9 5), crown-rump length (9 °%), occipito- 
frontal circumference (7 %) and foot length (9%). 

The potential applications of neonatal foot length 
measurements include: (1) extrapolation of body 
size measurements (especially weight) in babies 
receiving intensive care from birth to calculate 
volumes of feed, drug dosages, and for the prompt 
diagnosis of SFD babies; (2) assessment of postnatal 
growth. Measurement of foot length can be per- 
formed accurately and easily in babies receiving 
intensive care. It may prove a very useful index of 
body size. 
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Exchange transfusion in treatment of severe infections 
in newborns and of sclerema neonatorum. R. G. 
Pearse and P. J. J. Sauer. Department of Paedia- 
trics, Erasmus University and Academic Hospital, 
Sophia Children’s Hospital and Neonatal Unit, 
Rotterdam, Holland. 


We have begun to use exchange transfusion (XCT) 
in the management of babies who are seriously ill 
with a systemic infection and who have not responded 
to appropriate conventional therapy, after the 
observation that some newborns with disseminated 
intravascular coagulation and septicaemia responded 
dramatically to an XCT with fresh heparinised blood. 
27 babies were so treated. All had clinical signs of 
severe infection, a ‘left shift’ in the white blood cells 
and changes in serial platelet and leucocyte counts. 
They all received one or more XCT. In 19 of these 
babies blood culture was positive (group I) and in 8 
it was negative (group II). The controls (group III) 
were the 17 babies who, in our unit in 1976, fulfilled 
the above criteria and had positive blood cultures 
but who received no XCT. In all other respects they 
received similar treatment to groups I and II. 








Group Blood | XCT Average n Result IPPV  Sclerema 
culture weight (g) 
I + + 1590 19 Lived 13 10 5 
Died 6 6 5 
II — T 1915 8 Lived 6 4 3 
Died 2 2 2 
HI + — 1885 17 Lived 7 2 0 
Died 10 9 6 





Using the necessity for intermittent positive 
pressure ventilation (IPPV) during the course of an 
infection as a measure of severity, it is clear from 
group III that this indicated a very poor prognosis 
(9/11, 8255, died). However, only 6/16 (3797) of the 
babies who needed IPPV in group I died. Group II 
highlights the difficulty of diagnosing neonatal 
infection. 6/8 babies needed IPPV and 2 died. The 
effect of XCT on sclerema is also shown. 8/15 of the 
babies with sclerema who had an XCT survived, 
whereas all 6 babies with sclerema who had no XCT 
died. XCT is an effective adjunct to the treatment 
of severe infections in babies and in the management 
of sclerema neonatorum. 


Use of ketamine anaesthesia in a paediatric oncology 
clinic. R. H. A. Campbell, R. J. Thorburn, and N. D. 
Barnes. Addenbrooke's Hospital, Cambridge. 


The management of malignant disease in children 
involves the frequent repetition of frightening and 
painful procedures over long periods of time. The 
agents which have been used for the relief of anxiety 
and pain, such as barbiturates, benzodiazepines, 


antihistamines, butyrophenones, and opiates, have 
generally proved unsatisfactory or unsafe, especially 
in the hands of operators not fully trained in anaes- 
thetic techniques. Ketamine hydrochloride is a 
rapidly acting general anaesthetic for parenteral use 
which produces an unusual anaesthetic state charac- 
terised by loss of consciousness with profound 
analgesia but with cardiovascular and respiratory 
stimulation and unimpaired pharyngeal and laryngeal 
reflexes. The occurrence of emergence hallucinations 
has limited the use of this agent in adults but these 
are less troublesome in children. We have used 
ketamine to provide general anaesthesia for minor 
procedures and radiotherapy in children attending 
an outpatient oncology clinic held on a general 
paediatric ward without an anaesthetist in atten- 
dance. During 3 years 821 ketamine general 
anaesthetics were given to 40 children ranging in age 
from 10 months to 14 years. 2 children were each 
given more than 50 anaesthetics. An average dose of 
5 mg/kg IM or 2 mg/kg IV was used; our increasing 
preference has been for the IV route. As long as 
certain simple precautions were observed, side effects 
were minor and included salivation, lacrimation, 
nystagmus, tremor, and transient rashes. In some 
older children agitation on waking, and occasionally 
frank hallucinations, occurred; a small dose of 
diazepam before the ketamine usually eliminated 
these symptoms. Thus ketamine seems to be an 
exceptionally safe and effective anaesthetic agent for 
minor procedures in children and can be used by 
nonanaesthetic medical staff. 


Methotrexate-induced malabsorption in children with 
acute lymphoblastic leukaemia (ALL). A. W. Craft and 
W. Aherr.e. Royal Marsden Hospital, Sutton, Surrey. 


Methotrexate is now widely used in the treatment of 
ALL. In large doses it is known to produce severe 
intestinal damage. Smaller doses often lead to oral 
ulceration and the possibility that it may also cause 
malabsorption both of food and drugs has been 
investigated. 18 children were studied using a 1-hour 
blood xylose test. Children with ALL who had not 
received methotrexate had a normal xylose absorp- 
tion test whereas in those who had taken metho- 
trexate there was a significant degree of malabsorp- 
tion. The severity of this is related to the spacing of 
methotrexate doses and to the length of treatment. 
It is suggested that to give the drug once every 7 days 
may be too frequent. The absorption of methotrexate 
itself has also been studied and it has been found that 
prolonged administration may lead to a chan° ' ^m 
a fast to a slow pattern of absorption with low 

blood levels and perhaps diminished 2 

activity. 
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Inhibition of jejunal transport in rat jejunum by 
cystic fibrosis (CF) serum. E. Roma, P. J. Milla, 
J. H. Tripp, and J. T. Harries. Institute of Child 
Health, and The Hospital for Sick Children, London. 


Serum and certain secretions from CF patients have 
been shown to inhibit Na* reabsorption from saliva 
and sweat, to decrease glucose-stimulated short 
circuit current in isolated preparations of rat 
jejunum, and to inhibit Na-K adenosine triphos- 
phatase [Nat — K*)— ATPase] in pigeon erythro- 
cytes. We have investigated the effect of CF and 
normal serum on the transport of water, Na*, and 
glucose, and transmucosal potential difference (TPD) 
in an in vivo closed loop model in the rat jejunum. 

CF serum inhibited TPD (P —0-01) and glucose 
transport (P —0-02) compared with normal serum, 
but had no significant effect on water and Na* 
transport. After storage of serum at —20 C for 3 
weeks the differences between normal and CF serum 
were more pronounced: glucose transport was 
further reduced (P —0-005), sodium transport was 
inhibited (P<0-05), and there was reduced water 
transport in all but one of 8 animals. We suggest 
that a ‘factor’ in CF serum inhibits transport 
systems in the small intestine. The effects of freezing 
are unexplained. 


Timed urinary glucose excretion. A better method for 
control of juvenile diabetes? P. R. Betts, G. Evans, 
and P. H. W. Rayner. Institute of Child Health, 
Francis Road, Birmingham. 


The value of the excretion of glucose in 12- and 24- 
hour collections of urine was assessed in 24 diabetic 
children as a guide to their control. Glucose was 
determined by a modification of a manual ortho- 
toluidine method. 14 children (70%) excreted — 20 g 
glucose in a 24-hour period. There was little correla- 
tion between these results and those obtained by the 
standard twice daily preprandial urine tests in 
individual children. The Clinitest method, using the 
0-5 */ charts for urinary glucose, gave reliable results 
in the range considered optimal for control (0-20 
g/day). When used on two 12-hour collections of 
urine the Clinitest method gave an immediate 
answer which could be used in the home or clinic 
when assessing alterations in insulin dosage. 12 
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children (5097) excreted 20% or more of their 
allocated carbohydrate in the urine, equivalent to 8% 
of their energy intake. This large loss of carbo- 
hydrate must increase the proportion of energy 
obtained from fat metabolism resulting in secondary 
hypertriglyceridaemia. Monitoring diabetic control 
by quantitative urinary glucose excretion may help 
to minimise this unwanted effect. 


Assessment of nutrition status of the fetus by examina- 
tion of amniotic fluid. J. G. Bissenden, P. Scott, and 
B. A. Wharton. Sorrento Maternity Hospital, 
Birmingham. 


In postnatal life children who are frankly mal- 
nourished show a variety of biochemical changes in 
their urine, e.g. in nitrogen partition or hydro- 
xyproline excretion. At the same time the plasma 
free alkaline ribonuclease is raised. It seemed con- 
ceivable that biochemical examination of amniotic 
fluid may, in a similar way, provide evidence about 
the growth and nutrition of the fetus. Amniotic 
fluid was obtained from 79 term deliveries, mainly 
following surgical induction of labour by hind water 
rupture with a Drew-Smythe catheter. 45 pregnancies 
(32 European, 13 Asian) were normal with well 
grown babies (>10th centile for gestational age 
corrected for maternal height and parity, and sex of 
baby). In 22 pregnancies (18 European, 4 Asian) the 
mothers were hypertensive and the babies well 
grown. In 12 pregnancies (8 European, 4 Asian) the 
babies were light-for-dates (LFD <10th centile). 

Compared to well grown pregnancies in the same 
race, amniotic fluid total hydroxyproline (THP) was 
lower in the LFD European pregnancies (P<0-05), 
and free alkaline ribonuclease was higher in the 
Asian LFD pregnancies (P —0-025). When Euro- 
pean and Asian pregnancies were considered to- 
gether, uric acid was higher in amniotic fluid from 
the LFD pregnancies (P<0-05). The best criteria 
for prediction of the LFD European baby was an 
amniotic fluid uric acid N> 1-5 nmol/l and total 
hydroxyproline <76 nmol/l (P<0-001). Although 
all these results were significant, there was consider- 
able overlap with results from normal and hyper- 
tensive pregnancies so their clinical use without 
further evaluation is limited. 
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Neonatal Society 


Summer Meeting held on 24 June 1977 at the Radcliffe Infirmary and 


Somerville College, Oxford 


Demonstrations 


Oxford perinatal mortality. J. D. Baum, P. Howat, 
J. W. Keeling, and T. Wheeler. Departments of 
Paediatrics and Obstetrics and Gynaecology, John 
Radcliffe Hospital, Oxford. 


Iatrogenic disease in the newborn nursery. J. W. 
Keeling (introduced by J. D. Baum). Department of 
Paediatrics, John Radcliffe Hospital, Oxford. 


Plasma renin activity before and after exchange 
transfusion in infants. J. G. Carver and R. O. 
Robinson. Nuffield Institute for Medical Research, 
University of Oxford, and Department of Paediatrics, 
John Radcliffe Hospital. 


Physiological prediction of conjoined placental 
circulation in twin fetal lambs. J. G. Carver, J. C. 
Mott, M. J. Taylor, and L. M. Valdes-Cruz. 
Nuffield Institute for Medical Research, University 
of Oxford. 


Experimental growth retardation in fetal guinea pigs. 
C. T. Jones, H. N. Lafeber, and T. P. Rolph (intro- 
duced by H. J. Shelley). Nuffield Institute for 
Medical Research, University of Oxford. 


Experimental growth retardation in fetal lambs. 
I. Hart, C. T. Jones, J. S. Robinson, and G. D. 
Thorburn. National Institute for Research into 
Dairying, Shinfield, and Nuffield Institute for 
Medical Research, University of Oxford. 


Influence of insulin on tissue pools of free amnino 
acids in fetal lambs. S. Chrystie, J. Horn, D. Noakes. 
I. Sloan, and M. Young. Department of Gynaecology, 
St. Thomas's Hospital Medical School, London. 


Some effects of glucose administration to well- 
oxygenated and hypoxic fetal lambs. P. J. Haynes 
and H. J. Shelley. Nuffield Institute for Medical 
Research, University of Oxford. 


Changing composition of reflex milk. J. D. Baum, 
J. Gibbs, and A. Lucas. Department of Paediatrics, 
John Radcliffe Hospital, Oxford. 


A dilemma: sterilisation versus preservation of anti- 
bacterial components in reflex milk. J. Gibbs and 
P. Goddard (introduced by J. D. Baum). Depart- 
men: of Paediatrics, John Radcliffe Hospital, 
Oxford. 


Metabolic and endocrine response to first feed of 
breast milk in preterm infants. A. Aynsley-Green, 
S. R. Bloom, A. Lucas, and R. C. Turner. Depart- 
ment of Paediatrics, John Radcliffe Hospital, and 
Nuffield Department of Clinical Medicine, Radcliffe 
Infirmary, Oxford, and Department of Medicine, 
Royal Postgraduate School of Medicine, Hammer- 
smith Hospital, London. 


Some metabolic, endocrine, and behavioural state 
changes in relation to feeding during development in 
lambs. J. M. Bassett, R. Harding, P. Johnson, 
C. T. Jones, M. McClelland, C. McLeod, and P. 
Whyte. Nuffield Institute for Medical Research. 
University of Oxford. 

Physiological changes during feeding in young lambs. 
R. Harding, P. Johnson, M. McClelland, C. McLeod, 
and P. Whyte. Nuffield Institute for Medical 
Research, University of Oxford. 


Cardiovascular changes associated with feeding in the 
newborn baby. R. Cooke, K. Costeloe, and P. Helms 
(introduced by P. Johnson). Department of Paedia- 
trics, John Radcliffe Hospital, Oxford, and Depart- 
ment of Neonatal Medicine, Hammersmith Hospital, 
London. 


Apparent cerebral blood flow in the newborn infant. 
R. Cooke, P. Howat, and P. Rolfe. Department of 
Paediatrics, John Radcliffe Hospital, Oxford. 


Measurement of cerebral blood flow in fetal lamb: 
effects of inhomogeneous blood flow distribution. 
S. Blomstrand, K. Karlsson, and I. Kjellmer 
(introduced by D. Harvey). Department of Paedia- 
trics I and Obstetrics and Gynaecology, University 
of Góteborg, Sweden. 

Use of combined video and polygraphic recording of 
breathing and heart rate during different sleep states in 
the newborn baby. M. Bamford, R. Harding, and 
P. Johnson. Department of Paediatrics, John 
Radcliffe Hospital, and Nuffield Institute for 
Medical Research, University of Oxford. 


Studies of sleep state and related respiratory and 
cardiovascular events in newborn lamb. R. Harding, 
P. Johnson, M. McClellard, C. McLeod; and P. 
Whyte. Nuffield Institute for Medical ‘Research. 
University of Oxford. 
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Upper airway function during breathing and swallowing 
in fetal and newborn lambs. R. Harding, P. Johnson, 
M. McClelland, C. McLeod, and P. Whyte. Nuffield 
Institute for Medical Research, University of 
Oxford. 


Influence of lung gas volume on expiratory activity of 
the larynx and breathing in lambs. R. Harding, 
P. Johnson, M. McClelland, C. McLeod, and P. 
Whyte. Nuffield Institute for Medical Research, 
University of Oxford. 


Cardiovascular changes during apnoea initiated by 
Jaryngeal stimulation. R. Harding, P. Johnson, 
M. McClelland, C. McLeod, and P. Whyte. Nuffield 
Institute for Medical Research, University of Oxford. 


Cardiovascular changes associated with apnoea in the 
human newborn infant. K. Costeloe (introduced by 
P. Johnson) Department of Neonatal Medicine, 
Hammersmith Hospital, London. 


Further developments in use of ultrasound to measure 
fetal breathing movements. J. D. Gough and E. R. 
Poore (introduced by G. S. Dawes) Nuffield 
Institute for Medical Research, University of Oxford. 


Breathing patterns in fetal lambs. R. L. K. Chapman, 
G. S. Dawes, D. W. Rurak, and P. L. Wilds. 
Nuffield Institute for Medical Research, University 
of Oxford. 


Renal and cardiovascular effects of infusing vaso- 
pressin into fetal and newborn lambs. D. W. Rurak 
and D. W. Walker (introduced by G. S. Dawes). 
Nuffield Institute for Medical Research, University 
of Oxford. 


Lecithin/sphingomyelin ratios in pharyngeal aspirates 
from newborn infants. J. D. Baum and P. Jenkins. 
Department of Paediatrics, John Radcliffe Hospital, 
Oxford. 


Surface tension lowering properties of wet and dry 
surfactant. À. D. Bangham and C. J. Morley 
(introduced by G. S. Dawes). Agricultural Research 
Centre, Cambridge, and Nuffield Institute for 
Medical Research, University of Oxford. 


Communications 


Prostaglandins in human fetal circulation. J. G. Bibby, 
J. Brunt, A. P. F. Flint, M. D. Mitchell, and A. C. 
Turnbull (introduced by H. J. Shelley). Nuffield 
i Department of Obstetrics and Gynaecology, Jobn 
cliffe Hospital, Oxford. 


_affecting fetal electroencephalogram during 
x. Wilson (introduced by P. Johnson). 
f/Obstetrics and Gynaecology, Harari 
a Salisbury, Rhodesia. 
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Transcutaneous. PO, monitoring in newborn infants: 
where are the limits? M. Holzmann, O. Linderkamp, 
K. P. Riegel, I. Strohhacker, and H. T. Versmold 
(introduced by J. P. M. Tizard). Department of 
Paediatrics, Division of Neonatology, University of 
Munich, FRG. 


Echocardiographic detection of intracardiac right-to- 
left shunts after peripheral vein injections. D. R. 
Pieroni, J. M. A. Roland, L. M. Valdes-Cruz, and 
P. J. Varghese (introduced by J. C. Mott). Johns 
Hopkins Hospital, Baltimore, USA. 


Cerebral blood-flow and sleep in the newborn. N. 
Cullen and D. W. A. Milligan (introduced by K. W. 
Cross). Neonatal Research Group, London Hospital 


‘Medical College, London. 


Treatment of apnoelc attacks in the newborn baby 
with theophyllme. J. A. Kuzemko (introduced by 
P. A. Davies). Department of Paediatrics, Peter- 
borough District Hospital, Peterborough. 


Nasal resistance during infancy. S. Godfrey and J. 
Stocks. Department of Paediatrics and Neonatal 
Medicine, Hammersmith Hospital, London. 


Dry pulmonary surfactant: its physical and physio- 
logical properties. A. D. Bangham, G. Jenkin, 
P. Johnson, C. J. Morley, and G. D. Thorburn. 
Agricultural Research Centre, Cambridge, and 
Nuffield Institute for Medical Research, University 
of Oxford. 


Spongioform myelinopathy and  hexachlorophane 
concentrations in brains of infants with birthweights 
<1500 g. J. M. Anderson, F. Cockburn, J. O. Forfar, 
R. A. Harkness, R. W. Kelly, and B. Kilshaw. 
Departments of Paediatric Biochemistry, Pathology, 
and Child Life and Health, University of Edinburgh, 
and MRC Reproductive Biology Unit, Edinburgh. 


Effects of amino acids on fetal rat pancreas in organ 
culture. M. de Gasparo, G. R. Milner, R. D. G. 
Milner, and P. D. Norris. Ciba-Geigy, Basel, 
Switzerland, and Departments of Paediatrics and 
Pathology, University of Sheffield. 


Evidence that fatty acid oxidation reverses hypo- 
glycaemia of the starved newborn rat. J. R. Girard, 
P. R. Ferré, E. B. Marliss, and J. P. Pegorier. 
Laboratoire de Physiologie du Développement, 
Collége de France, Paris, and Department of 
Medicine, University of Toronto, Canada. 


Quantification of intrauterine malnutrition. L. H. J. 
Ramaekers (introduced by P. A. Davies). Ziekenhuis 
St. Annadal, Maastricht, The Netherlands. 


Growth of light-for-dates infants during the first year 
according to nutritional status at birth. D. P. Davies 
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and P. Platts. Department of Child Health, Univer- 
sity of Leicester. 


Energy absorption and growth in immature infants on 
a modern infant formula. J. Alvear and O. G. Brooke. 
Department of Child Health, St. George’s Hospital, 
Tooting. 


Meeting held on 3 November 1977 at 
St. Thomas’s Hospital, London 


Communications 


Necrotising enterocolitis: a clustered spectrum of 
cases. J. M. Bradley, D. M. Flynn, F. M. Howard, 
P. Noone, and M. Szawatkowski. Departments of 
Paediatrics and Medical Microbiology, Royal Free 
Hospital, London. 


Effect of modern neonatal care on l-year infant 
morbidity. C. Jones and M. Radford. Department of 
Child Health, Southampton General Hospital, 
Southampton. 


Neck extensors hypertonia in the newborn: clinical 
assessment and probable significance. C. Amiel-Tison 
(introduced by A. Minkowski). Port Royal Maternity 
Hospital, Paris, France. 


Influence of central nervous system on fetal lung 
development. K. Bartlett, J. S. Wigglesworth, and 
R. M. L. Winston. Department of Clinical Bio- 
chemistry, Royal Victoria Infirmary, Newcastle- 
upon-Tyne, and Department of Paediatrics and 
Neonatal Medicine and Institute of Obstetrics and 
Gynaecology, Hammersmith Hospital, London. 


Elastic recoil of chest wall and lung expansion at 
birth. I. E. Hopkin, A. D. Milner, and R. A. 
Saunders. Department of Child Health, University 
Hospital and Medical School, Nottingham. 


Influence of labour on crying vital capacity (CVC) in 
the newborn. M. L. Chiswick. Special Care Baby 
Unit, St. Mary's Hospital, Manchester. 


Respiratory patterns in the newborn studied using a 
new noninvasive device. B. M. Wright (introduced by 
H. B. Valman). Northwick Park Hospital and 
Clinical Research Centre, Harrow, Middlesex. 


Comparison of continuously recorded transcutaneous 
oxygen tension (tcPO;), measured by two tcPO, 
electrodes of different design, with simultaneously 
recorded arterial tension (PaO,) in newborn infants 
with respiratory illnesses. A. K. Morgan, D. Parker, 
E. O. R. Reynolds, P. N. le Souéf, and L. P. Soutter. 
Departments of Paediatrics and Medical Physics and 
Bioengineering, University College Hospital and 
Medical School, London. 


Experimental intrauterine growth retardation in 
guinea pigs. C. T. Jones, H. N. Lafeber, and T. P 
Rolph (introduced by H. J. Shelley). Nuffield 
Institute for Medical Research, University of Oxford. 


Effect of a maternal fast in late pregnancy on metabolic 
adaptation of newborn rabbits to extrauterine life. 
R. D. G. Milner, I. Rubecz, and M. F. Whitfield. 
Department of Paediatrics, University of Sheffield. 


Essential fatty acids in fetal and neonatal development. 
M. A. Crawford (introduced by E. M. Widdowson). 
Nuffield Institute of Comparative Medicine, The 
Zoological Society of London. 


Is taurine an essential amino acid in the neonate? 
H. M. Berger, G. A. Brown, M. J. Brueton, and 
B. A. Wharton. Infant Development Unit, Queen 
Elizabeth Medical Centre, Birmingham. 

Annual Vickers Guest Lecture: The role of trace 
elements in fetal and early postnatal development. 


Dr C. F. Mills. Rowett Research Institute, Aber- 
deen. 
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Assessment of gestational age in twins 


Sir, 

We read with interest the paper by Woods and Malan on 
the assessment of gestational age in twins (Archives, 1977, 
52, 735). They found that the concordant twins gave a 
similar score for gestational age, whereas the discordant 
twins, with more than 15% difference in weight, showed 
a significant difference in the scores between the in- 
dividual twins. However, although the score is significantly 
different, it is noteworthy that if the combined score of 
superficial and neurological criteria is used the actual 
difference in terms of gestational age between the two 
groups is only 0-7 weeks, which is in fact less than the 
standard deviation of the method itself (approximately 
1 week). This suggests that the difference in actual gesta- 
tional age between the individual discordant twins, 
although of interest and statistically significant, is for 
practical purposes unimportant. 

Their findings also show that the score for superficial 
criteria is more influenced by variation in weight than the 
neurological score or total score and by itself would thus 
underscore gestation in small-for-dates infants. This 
reinforces the value of using a combination of super- 
ficial and neurological criteria in the assessment of 
gestation rather than trying to restrict it to a group of 
superficial criteria only. 


LıLLY M. S. DuBOwWITZ and 
VicTOR DUBOWITZ 
Department of Paediatrics 
and Neonatal Medicine, 
Institute of Child Health, 
Hammersmith Hospital, 
London, W.12. 


Drs Woods and Malan comment: 


We appreciate the interest Professor and Dr Dubowitz 
have shown in our paper. While the mean gestational age 
score differed between discordant twins by only 0:7 
weeks, the smaller twin underscored by more than a 
week in 10 of the 29 pairs. 

We wondered whether the same pattern of under- 
scoring might be found in singletons born to Coloured 
= “sihers in Cape Town. These infants tend to be growth- 

'ded and of a shorter gestation than UK standards 
Facto. ?wiez et al., 1975). 100 randomly selected single- 
labour. .. Coloured primipara were studied using the 
Department jrg method (Dubowitz et al., 1970). The 
Centra! Hospital, score was 53: 7-- 7:3 (38: 8 weeks). 


Neurological and external features scores were 27:9--3: 7 
and 25: 7--4: 2 respectively. 

Is the relatively low external features score a consistent 
finding in other centres? If not, it may partially explain 
the shorter assessed gestation in the study population. 


D. L. Woops and A. F. MALAN 
Department of Paediatrics and 
Child Health, 

Institute of Child Health, 

Red Cross War Memorial Hospital, 
Rondebosch, Cape 7700, 

South Africa. 
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Sir, 


May I comment on the paper by Woods and Malan. 
Their point is well made about using caution in estimating 
gestational age by a scoring system in growth-retarded 
infants. It is necessary, though, to divide twins so studied 
into further groups; namely, dizygous (DZ) and mono- 
zygous (MZ) twins; and the latter into those with 
dichorionic (DC) or with monochorionic (MC) placentas. 
All DZ twins have DC placentas, and those MZ twins 
that also do are less discordant for birthweight (and 
length) than are MZ-MC twins. This is not surprising 
since MZ-MC twins may have an unequal sharing of 
placental mass supplying each twin, and vascular 
anastomoses are present across the vascular equator that 
divides these two placenta parts. Thus, transfusion 
syndromes of varying degrees can also occur. 

Although the above complicates the picture, it enhances 
the ability to study intrauterine growth retardation 
in one infant of a pair that are (usually) pheno- 
typically identical. The key factor is that in all twins each 
twin has the same gestational age as the other. And in 
MZ-MC pairs, one twin of the pair may well exhibit all 
the features and growth patterns of a small-for-dates 
infant, and his twin those of a term one (Falkner, 1966, 
1978). Perhaps for this area of study, assessment of 
gestational age by scoring methods is not too appropriate. 


FRANK FALKNER 

Fels Research Institute, 

Wright State University, 

Yellow Springs, Ohio 45387, USA. 
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Transthoracic expuision of an 
endobronchial foreign body 


Sir, 
A child expelled through the chest wall an endobronchial 


Referees 1977 


foreign body, an ear of grass (Hordeum murinum) which 
he had inhaled one week previously. I should like to 
know if such a case has been previously reported. * 


P. BAGGIO 

Division of Paediatrics, 
‘S. Lorenzo’ Hospital, 
36078 Valdagno, Italy. 


*Two similar cases were reported from Greece by Choremis 
et al. in this journal (1964, 39, 406); in both cases Hordeum 
murinum was also concerned.— Ed. 
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Annotation 


Hearing defects in preterm infants 


Neurosensory hearing defects occur with a fre- 
quency of about 0-575 in children both in Europe 
and in North America. In those born preterm, 
however, hearing deficits are much more frequent. 
Three possible aetiological factors have hitherto been 
incriminated and have therefore been particularly 
investigated. (1) Preterm termination of pregnancy 
per se. (2) Perinatal risk factors such as hypoxia, 
hyperbilirubinaemia, drugs, infections, etc.’ (3) 
Noise exposure in incubators.?? 

For a prospective study in the neonatal period, 
auditory-evoked responses, auditory-evoked heart 
rate changes, and auditory-conditioned orientating 
reflexes can be regarded as hearing tests. All methods 
available to test neonatal hearing heavily rely on 
intact sensory pathways, both specific and non- 
specific, within the central nervous system. This is a 
great advantage for research into the development 
of sensory brain mechanisms where these methods 
have become a most informative tool to study the 
influence of nonspecific environmental factors such 
as oxygen, temperature, nutrition, and handling on 
brain development, both in animals and in human 
infants. For the determination of cochlear damage— 
for instance due to noise pollution—these methods 
have disadvantages, since normal cochlear function 
may be masked by a severely abnormal brain. 
However, neurosensory hearing loss can certainly 
be detected by these methods even in the neonatal 
period. Moreover, after the pioneering work of 
Jewett and his associates! it seems as if brain stem 
auditory-evoked potentials occurring between 2 and 
12 ms after the click are an extremely promising 
new tool to detect hearing deficits even in small 
infants.? 

We studied the effect of preterm delivery and a 
3-week period of incubator care on the develop- 
ment of auditory-evoked responses (AER) by com- 
paring infants of the same conceptional age but with 
different extrauterine life spans. The maturation of 
the AER was nearly identical inside vs outside the 
uterus in otherwise normal, low-risk newborn 
infants.9 

For a retrospective study in older children, the 
various audiometric methods, i.e. pure tone and 
speech audiograms (Fowler, Sisi and Langenbeck 


test) can be applied with certain limitations for 
deciding whether the damage is cochlear or retro- 
cochlear. Although for these tests a reasonable 
degree of intellectual integrity is necessary, general 
brain dysfunction has the least effect with pure 
tone audiograms, making this method particularly 
useful in high-risk preterm infants who may well 
have a few behavioural abnormalities. Except for 
severely handicapped children, by 8-10 years repeat- 
able thresholds can be recorded. 


We applied audiometric tests to infants that had 
been born preterm, both high and low-risk, and 
found 12-4% of cases with some neurosensory 
hearing loss. No relationship of hearing loss 
with gestational age, hyperbilirubinaemia, and drugs 
could be discerned. Nor was there any correlation 
with the length of stay in an incubator, as one para- 
meter of noise exposure. There was, however, a 
strong correlation between hearing loss and the 
*perinatal nonoptimal score ' ie. the sum of peri- 
natal risk factors. 


Thus, both approaches, neonatal AERs and 
audiometric follow-up, failed to corroborate the 
assumption that the duration of incubator noise 
exposure is responsible for substantial hearing loss 
in preterm infants. Slight degrees of cochlear damage 
may have remained undetected? and our data do not 
exclude the possibility that in high-risk preterm 
infants incubator noise pollution might play an 
additional role in producing hearing defects. While 
it is not our intention to stop engineers from con- 
structing less noisy incubators, the paediatrician, 
using the incubator as it is, can influence only one 
parameter of incubator noise pollution—its duration 
— whereas the two other important parameters, 
i.e. intensity and frequency of the sound, cannot at 
present be altered. In so far as hearing loss was 
related to periods of incubator care, however, we 
could find no support for the anxieties that have 
been expressed. 
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Ligation of patent ductus arteriosus in the very low 


birthweight newborn infant 


R. W. I. COOKE, B. GRIBBIN, A. J. GUNNING, AND D. PICKERING 


From the University Department of Paediatrics, John Radcliffe Hospital, and 
Departments of Cardiology, Surgery, and Paediatrics, Radcliffe Infirmary, Oxford 


SUMMARY Surgical closure of a patent ductus arteriosus was performed in 8 low birthweight infants 
suffering from cardiorespiratory failure secondary to a large left-to-right shunt. Mortality from the 
operation was nil, but only 4 (50%) ultimately survived. Earlier intervention may reduce mortality 


in these high-risk infants. 


The increasing frequency of patent ductus arteriosus 
(PDA) in neonatal special care units has produced 
an increased interest in methods of duct closure, in 
particular by the use of prostaglandin synthetase 
inhibitors such as indomethacin (Friedman ef al., 
1976; Heymann et al., 1976). However, complica- 
tions from the use of such drugs have been recorded 
and other undesirable effects suggested as theoretical 
risks (Nadas, 1976). In our management of PDA 
we have largely confined therapy to conventional 
diuretic and digoxin therapy with respiratory sup- 
port when required, and when this failed, surgical 
ligation. Infants affected are usually very immature 
and often have primary respiratory problems. 
Occasionally larger infants have PDA, but usually 
as a congenital cardiac abnormality. We report our 
experience with ligation of PDA in 8 infants, under 
1500 g birthweight, during the period July 1975- 
April 1977. 


Method 


Diagnosis of left-to-right shunt through a PDA was 
made on clinical grounds, by the presence of a 
characteristic systolic murmur with a wide pulse 
pressure, and accompanied by x-ray evidence of 
pulmonary plethora and usually an increase in 
diameter of the cardiac shadow (Jones and Picker- 
ing, 1976). If respiratory deterioration or cardiac 
failure occurred, conventional therapy with digoxin 
and frusemide was started. Constant positive 
airway pressure (CPAP) was usually used to treat 
the recurrent apnoea which almost always occurred 
(Roberton, 1974). In the event of further deteriorat- 
ion, surgical ligation of the PDA was carried out. 
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Case reports 


Case 1. A female first twin was born at 28 weeks' 
gestation after premature labour and weighed 
1100 g. Hyaline membrane disease was apparent 
soon after delivery and was treated initially with 
continuous positive airways pressure by endo- 
tracheal tube and with 60% oxygen. Rapid deter- 
ioration occurred and intermittent positive pressure 
ventilation with 100% oxygen and peak airway 
pressures of up to 34/8 cm H,O from 8 hours of life 
was used. Bilateral pneumothoraces occurred during 
the first 48 hours of life and were treated by thor- 
acocentesis. Total intravenous and oral fluid intake 
reached 280 ml/kg per day. Multiple small blood 
transfusions were given in an attempt to correct 
initial hypotension, and later to maintain a falling 
haematocrit. There was a severe metabolic acidosis 
during the first 48 hours of life. Fits occurred at 20 
hours and at 30 hours of age. 

A slow improvement allowed the inspired oxygen 
to be reduced to 40% on the 4th day of life. Oliguria 
and generalised oedema occurred at 6 days of age, 
persisting until death, but did not respond to fruse- 
mide therapy and fluid restriction. A loud systolic 
murmur appeared on the 10th day. Total intravenous 
alimentation was started. Pulmonary plethora was 
noted on chest x-ray and an enlarging cardiac 
shadow was seen on the 13th day. No improvement 
was noted after further frusemide therapy and the 
PDA was ligated on the same day. Death occurred 
24 hours later. Massive intraventricular haemorrhage 
was found post-mortem. 


Case 2. A female twin (twin of Case 1) was born 
at 28 weeks’ gestation after premature labour and 
weighed 1180 g. There was no birth asphyxia. 
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Hyaline membrane disease which developed soon 
after birth was treated with CPAP at a pressure of 
5 cm H,O from birth. The inspired oxygen was in- 
creased from 40% to 70% over the first 3 hours to 
maintain Pao, above 60 torr as read from an 
indwelling umbilical oxygen electrode. At 3 hours 
of age ventilation with peak airway pressures of up 
to 30/4 cm H,O with 70% oxygen was required 
following apnoea. Bilateral pneumothoraces occur- 
red in the first 24 hours of life and were treated with 
thoracocentesis. Multiple small blood transfusions 
were used initially to correct hypotension and later 
to correct a falling haematocrit. 

Pulmonary interstitial emphysema was noted on 
the 5th day and a persistent metabolic acidosis 
developed. Total intravenous and oral fluid intake 
reached 190 ml/kg per day before a loud systolic 
murmur appeared on the 6th day of life. Some 
improvement then occurred and by the 9th day she 
was maintained on CPAP at 6 cm H,O in 40% 
oxygen. Increasing pulmonary plethora and cardio- 
megaly on x-ray were noted and ventilation was 
again required. On the 13th day the PDA was ligated 
after failure of digoxin and frusemide therapy. 
Rapid development of hydrocephalus, secondary to 
intraventricular haemorrhage which may have 
occurred preoperatively, caused death 7 days later. 


Case 3. A female first twin, weighing 1080 g, was 
born at 26 weeks’ gestation, after spontaneous 
premature labour. The second twin died of severe 
birth asphyxia. Mechanical ventilation was started 
at 30 minutes of age because of apnoea and hypoxia 
in 100°% oxygen. Maximum airway pressure of 28/2 
cm H,O was used. A rapid improvement occurred. 
CPAP was begun at 14 hours and the infant was 
extubated and breathing 3097 oxygen spontaneously 
at 24 hours of age. Apnoeic attacks began on the 3rd 
day of life, requiring ventilation again with pressures 
17/0 cm H,O. 

On the 4th day a loud systolic murmur with a 
wide pulse pressure was noted. Fluid intake was 
160 ml/kg per day for 48 hours before the murmur 
appeared. Ventilatory support was continued with 
CPAP at 5 cm H,O, and intermittent periods of 
mechanical ventilation while breathing 25°% oxygen. 
On the 13th day, tachycardia and hepatomegaly were 
noted, and a chest x-ray showed cardiomegaly and 
pulmonary plethora. Digoxin and frusemide were 
given for 4 days without improvement, and ligation 
of the PDA was carried out on the 17th day. Rapid 
clinical improvement occurred, although recovery 
was complicated by laryngeal stenosis secondary 
to tracheal intubation. Development has been nor- 
mal to 18 months of age, although two episodes of 
croup have occurred, requiring hospital admission. 


Case 4. A girl, weighing 1000 g, was born after pre- 
mature rupture of membranes at 26 weeks’ gestation. 
She developed transitory respiratory difficulties in 
the first 24 hours and was treated with 30% oxygen. 
An exchange transfusion for hyperbilirubinaemia 
associated with prematurity was carried out on the 
2nd day of life. Fluid intake by gavage feeding of 
breast milk was 190 ml/kg per day until the 10th day 
when it was increased to 200 ml /kg per day. Recur- 
rent apnoea began from the 3rd day of life and did 
not respond to 25-30% inspired oxygen. Pulmonary 
plethora was seen on x-ray from the 10th day 
onwards. Fluid intake was increased to 240 ml /kg per 
day on the 15th day because of failure to gain weight. 

A loud systolic murmur appeared 24 hours later. 
Digoxin therapy was started. A 12 ml transfusion 
of blood was given on the 22nd day because of a low 
haematrocrit. The inspired oxygen concentration 
required to maintain a satisfactory Pao, rose to 
40% and later collapse with clinical signs of pul- 
monary oedema occurred on the 25th day. She was 
ventilated at a pressure of 24/0 cm H,O for 12 hours. 
Ligation of the PDA on the following day caused 
dramatic improvement, although some airway 
obstruction due to laryngeal oedema delayed full 
recovery for 3 weeks. Development appears normal 
at 18 months of age. 


Case 5. A male second twin, weighing 780 g at birth 
after 25 weeks' gestation, developed severe hyaline 
membrane disease from birth. Ventilation was 
required from birth until 5 weeks of age, with maxi- 
mum peak airway pressures of 25/3 cm H,O. 
Initially 100% oxygen was required but it was 
possible to reduce this to 40°% over the first week of 
life. Attempts at ‘weaning’ from ventilation with 
CPAP failed until 5 weeks of age when he was 
established on CPAP via an endotracheal tube. 
The endotracheal tube was removed at 8 weeks but 
he still required 40% oxygen. Multiple small blood 
transfusions were given to maintain the haematocrit 
above 40%. 

A loud systolic murmur was first heard at 28 days 
and full pulses together with pulmonary oedema 
on x-ray were noted. Recurrent apnoea delayed 
removal of CPAP for several weeks and persisted 
until 10 weeks. Fluid intake at the time the murmur 
appeared was 250 ml/kg per day as gavage fed breast 
milk. Treatment with digoxin and frusemide was 
ineffective. On echocardiography, LA/AO ratio at 
8 weeks of age was 1-4/1, indicating a large left-to- 
right shunt through a PDA. A single dose of indo- 
methacin (0.2 mg/kg orally) given at that time 
produced no improvement clinically. Ligation of the 
PDA at age 70 days produced no clinical improve- 
ment. In particular the oxygen requirement and 
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frequency of apnoeic attacks remained unchanged. 
A lung biopsy at operation showed severe broncho- 
pulmonary dysplasia. Death occurred 4 weeks later 
from progressive respiratory failure. 


Case 6. A male second triplet, weighing 790 g, was 
born at 25 weeks' gestation after premature rupture 
of membranes. Severe hyaline membrane disease 
required ventilation from 15 minutes until 3 days of 
age using peak airway pressure of 20/5 cm H,O and 
up to 80% oxygen. Ventilatory support was con- 
tinued from the 4th day for several weeks with 
CPAP and with intermittent ventilation when apnoea 
occurred. Inspired oxygen was kept between 35 and 
40% as required. Fluid intake of intravenous 
dextrose and gavage fed breast milk as tolerated in 
the 48 hours before a loud systolic murmur appeared 
on the 7th day was 200 ml kg per day. Ventilatory 
support was increased because of recurrent apnoza 
on CPAP and a wide pulse pressure with pulmonary 
plethora on x-ray. Digoxin and frusemide were 
ineffective. Multiple small blood transfusions were 
given to maintain the haematocrit above 407;. 
A single dose of indomethacin (0:2 mg/kg) on the 
22nd day of life produced no clinical improvement. 

After PDA ligation, in the 7th week, ventilatory 
support was reduced and eventually discontinued. 
This was delayed by a laryngeal stenosis, which 
later required tracheostomy at 13 weeks of age before 
extubation was possible. It was never possible 
to reduce the inspired oxygen to below 40%. A 
slow decline into respiratory failure later occurred, 
and although death occurred from E. coli meningitis 
at 18 weeks of age, bronchopulmonary dysplasia 
was present at postmortem. 


Case 7. A girl weighing 1050 g was born at 30 weeks’ 
gestation after premature rupture of membranes. 
Increasingly frequent apnoeic episodes developed 
from 24 hours of age, despite an increased inspired 
oxygen of 40%. Ventilation was required from 
3 to 5 days of age at maximum airway pressures of 
20/0 cm H,O. On the Sth day a change to CPAP 
with air at 5 cm H,O pressure was possible, but a 
loud systolic murmur was later heard. Further clini- 
cal deterioration with a return to ventilation and an 
increased oxygen requirement led to ligation of the 
PDA on the 12th day. 3 days postoperatively the 
infant was breathing air spontaneously again. 
Some subsequent problems from laryngeal oedema 
occurred after extubation but she eventually did 
well. 


Case 8. A boy weighing 1340 g was born at 32 weeks' 
gestation, by emergency caesarean section for severe 
pre-eclamptic toxaemia. Hyaline membrane disease 


developed, requiring mechanical ventilation from 
4l hours of age because of hypoxia and severe 
respiratory acidosis. After 12 hours ventilatory 
support was maintained with CPAP via a facemask 
at 3 cm H,O pressure and an inspired oxygen of 
60%, until the Sth day of life. The inspired oxygen 
was then gradually reduced until he was breathing 
in air spontaneously on the 7th day. A loud systolic 
murmur was first heard at 11 days of age. Fluid 
intake averaged 185 ml/kg per day for 48 hours 
before the murmur appeared. On the 21st day 
tachypnoea, a wide pulse pressure, rib recession, 
and hepatomegaly were noted. Signs of cardio- 
megaly and pulmonary pressure were present on 
chest x-ray but were not marked. Treatment with 
digoxin and frusemide was started, but his condition 
deteriorated. On the 27th day of life, indomethacin 
0.2 mg/kg orally was given 3 times at 12-hour 
intervals. There was clinical evidence of a narrowing 
of the pulse pressure from 70/15 to 80/40 and of im- 
proved peripheral perfusion, but symptoms of 
cardiac failure persisted with fluid retention, and 
48 hours later ligation of the PDA was carried out. 
His recovery was uneventful, with symptoms 
abating a few hours postoperatively, and develop- 
ment has been normal. 


Discussion 


Ligation of PDA in low birthweight infants has been 
practised for several years in North America 
(Horsley et al., 1973; Kitterman et al., 1972; Neal 
et al., 1975; Thibeault er al., 1975). We have found 
the procedure relatively simple and safe. No unusual 
problems were encountered and no mortality was 
directly attributable to surgery, which was carried 
out in an operating theatre close to the intensive 
care unit. Clinical features and outcome of each 
case are summarised in the Table. 

There were 4 deaths. 2 infants (Cases 1 and 2) 
died of massive intraventricular haemorrhage and of 
hydrocephalus secondary to this, respectively. In 
retrospect both infants had probably developed 
cerebral complications before surgery, complica- 
tions not uncommon in very low birthweight infants 
suffering from hyaline membrane disease. In 2 cases 
(Cases 5 and 6) ligation of PDA was delayed for 5 
to 6 weeks in the hope that conventional therapy 
with digoxin and diuretics, and ventilatory support 
would succeed in allowing the PDA to close spon- 
taneously as the infant matured. In both cases 
surgery was initially successful, but death ensued 
after several weeks from respiratory failure, asso- 
ciated with bronchopulmonary dysplasia, as a 
result of ventilation and chronic pulmonary oedema. 
In one case meningitis was the actual cause of death. 
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Table Summary of clinical features and outcome of infants undergoing ligation of patent ductus arteriosus 





Case no. Early illness Gestation (w) Birth- Ductus Died Cause of death 
weight (g) 0 —————————— — — —— 
urmur Ductus 

heard (d) Fallure (d) — tled (d) 
1 HMD 28 1100 10 13 13 14 IVH 
2 HMD 28 1180 6 8 13 21 Hydrocephalus, IVH 
3 Apnota 26 1080 4 IX 17 Alive 
4 Apnoea 26 1000 16 20 i 26 Alive 
5 HMD 25 760 28 28 70 98 BPD 
6 HMD 25 790 7 8 46 127 Meningitis, BPD 
7 Apnoea 30 1050 5 9 11 Alive 
8 HMD 32 1340 11 21 29 Alive 


HMD —hyaline membrane disease; IVH —intraventricular haemorrhage; BPD bronchopulmonary dysplasia. 


Earlier intervention in these 2 cases may have allowed 
survival by avoiding lung damage (Nelson et al., 
1976). In the 4 long-term survivors the initial diag- 
nosis was hyaline membrane disease in only 1 
infant, despite their immaturity. In the other 3 
infants frequent apnoeic attacks occurred from the 
first 24 hours of life, increasing in severity until 
clear symptoms of PDA became evident. Failure of 
medical treatment and rapid deterioration while 
being ventilated made ligation advisable. Marked 
improvement occurred after surgery and recovery 
was complete. 

Other centres have had a similar success rate in 
duct ligation in this age group but have been less 
conservative in their approach (Edmunds et al., 
1973; Gay et al, 1973; Nelson et al., 1976). The 
infants treated by duct ligation in these series were 
mostly sufféring from hyaline membrane disease, 
although we have found ligation necessary in 3 
infants suffering from apnoea of prematurity alone. 
The apnoeic attacks may, however, have represented 
early symptoms of pulmonary oedema. 

McMurphy and co-workers (1972) have shown 
that the sensitivity of the isolated fetal lamb ductus 
arteriosus to oxygen is related to gestational age. 
Increased survival of preterm infants may contribute 
to the increase of PDA particularly if through 
iliness their arterial oxygen saturation is low. 
Although all of the infants in this series suffered 
from hypoxia at some time, they were usually well 
oxygenated. Although hypoxia may be an important 
factor in the maintenance of PDA in human infants, 
it is not likely to be the only one. The rapid apparent 
increase in incidence in PDA in the last few years in 
some centres, and its relative scarcity in others, 
suggests some iatrogenic factor. The introduction 
of high volume feeds, multiple blood transfusions, 
constant positive airway pressure, together with 
increased survival of low birthweight infants have all 
paralleled this increase in PDA. Stevenson (1977) 
suggested that high fluid intake may have contributed 
to the rise in PDA seen in his experience. All the 


infants in this study were given high volume feeds, 
either to avoid dehydration under overhead heaters 
(Jones et al., 1976) or to increase caloric intake in 
order to promote growth. Blood transfusion in the 
critically ill infant could lead to hypervolaemia and 
the occurrence of PDA in a similar way as a high 
fluid intake. We have used small blood transfusions 
to counteract hypotension and metabolic acidosis, 
and CPAP in the treatment of hyaline membrane 
disease and apnoea of prematurity in high-risk 
infants for several years, and so no control! data are 
available making the role of these therapies, if any, 
in the detiology of PDA difficult to assess. 

The introduction of simple drug therapy for PDA 
in the form of indomethacin or other prostaglandin 
synthetase inhibitors with a more specific action 
on the ductus arteriosus may make the decision to 
treat PDA easier than if one has to decide to subject 
a sick infant to surgery. However, the side effects 
of such drug therapy in the newborn period are 
still largely unexplored (Nadas, 1976). On the other 
hand, surgical ligation is safe. It will probably 
remain the standard mode of therapy in low birth- 
weight infants when cardiorespiratory failure occurs 
secondary to a large left-to-right shunt through a 
PDA, at least until pharmacological methods of duct 
closure are fully explored. 


R.W.LC. is supported by a grant from the Sir 
William Coxen Trust. 
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Preventable death in oesophageal atresia 


R. J. BRERETON, R. B. ZACHARY, AND L. SPITZ 
From the Department of Paediatric Surgery, Sheffield Children’s Hospital l 


SUMMARY We report on experience gained in the treatment of 158 cases of oesophageal atresia 
presenting during a period of 10 years. The factors influencing mortality were analysed. -During the 
period studied there was a slight improvement in survival, and this was probably due mainly to 
improved preoperative preparation of those babies undergoing primary repair. At best, ‘staging’ 
was thought to have had little influence on the survival of poor risk cases. Midwives, obstetricians, 
paediatricians, surgeons, and general practitioners did not do all that they could have done to 
prevent morbidity and mortality in these babies. At least one-third of the 79 deaths could have been 
prevented, and several deaths were caused solely by lack of awareness of the possible complications 


end associated abnormalities. 


Although much progress has been made in the 
treatment of infants with oesophageal atresia since 
1943 (Haight and Towsley), before which time 
practically all cases died, there is still an unaccept- 
ably high mortality rate for 'poor risk’ cases. 
Formerly, technical errors were responsible for many 
deaths, but advances in operative techniques, pre- 
operative management, and paediatric anaesthesia 
have succeeded in substantially reducing the overall 
mortality rate. Since it is unlikely that any new 
operation of major importance will be developed in 
the foreseeable future, it is necessary to look to other 
factors in order to improve survival in these infants, 
particularly the early nursing and paediatric care, 
the preoperative management and choice of opera- 
tion by the surgeon, and the subsequent community 
and environmental care. 


Patients and methods 


A retrospective review was carried out on a con- 
secutive series of 158 infants with oesophageal 
atresia admitted to the Neonatal Surgical Unit of 
the Sheffield Children's Hospital in the 10-year 
period from January 1965 to December 1974. Cases 
of oesophageal stenosis and isolated tracheo- 
oesophageal fistula without atresia were excluded. 
Initial surgery consisted of one of three approaches. 


(i) Primary end-to-end anastomosis of the oesophageal 
ends after ligation and division of the tracheo- 
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oesophageal fistula was the treatment of choice. 
Occasionally an end-to-side anastomosis was used. 
This group included all repairs during the first week 
after admission. À transpleural approach was used 
initially, but it was abandoned in favour of an 
extrapleural technique. À transanastomotic feeding 
tube was used in most cases, but a few infants had a 
gastrostomy constructed. - 


(il) ‘Staged repair’, i.e. gastrostomy followed several 
weeks later by a primary anastomosis. The upper 
pouch was kept empty by sump drainage (Replogle 
tube). Lateral oesophagostomy was used in a few 
early cases but proved to be unsatisfactory and 
hazardous. 


(iii) Gastrostomy and end-oesophagostomy followed 
by ligation of the tracheo-oesophageal fistula when 
the infant was judged to be fit for thoracotomy. 
This method of treatment was mainly restricted to 
babies of low birthweight in poor general condition, 
and those cases with isolated oesophageal atresia 
without a fistula, but was used in some cases where 
there was a considerable gap between the oeso- 
phageal ends. 

One of these three methods of treatment was used 
in 141 cases. 11 cases were treated in various ways, 
e.g. neonatal colon interposition or the surgery was 


modified because of other associated anomalies, and 


6 cases were thought to be unsuitable for surgery--- 
because of multiple congenital abnormalities com- . 
bined with poor general condition. 

The results were compared by the y? test with 
use of Yates's correction for small numbers. 
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Results 


The details of 156 of the 158 cases were available for 
analysis. The only information about the remaining 
2 cases was that death occurred within the first few 
weeks of life. 


Groups. The cases were allocated to ‘risk groups’ 
according to the criteria of Waterston et al. (1962). 
Group A: birthweight >2500 g and in good general 
condition, 50 cases (32%). Group B: birthweight 
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A, B, C, according to Waterston et a!. (1962), for 156 
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Type of lesion 


Number of cases 8 (5.5%) 2 (1.4%) 43 (29.7%) 
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1800-2500 g, or with ‘moderate’ pneumonia, or 
with ‘moderate’ associated anomaly, 35 cases (22%). 
Group C: birthweight <1800 g, or with ‘severe’ 
pneumonia, or with ‘severe’ associated anomaly, 
71 cases (46%). 

The survival rates according to this classification 
are shown in Fig. 1. There were an inordinate number 
of cases in group C and this had an adverse effect on 
the overall survival rate. 


Anatomy of the lesions. The classification used was 
that of Vogt (1929) as modified by Ladd (1944) and 
Roberts (1958), but types V (E) and VI (F) were 
excluded from this series. The exact anatomy in 
145 cases is shown in Fig. 2. An upper pouch fistula 
was found in 5 (4%), and a distal fistula in 135 


(937). 


Sex ratio. There were 91 boys (58%) and 67 girls 
(42°%) in this series, and the initial survival rate was 
59% in boys and in girls 64%. 


Age on admission. This was determined in 156 cases, 
no information being available for 2 cases, 1 being 
admitted in the first 5 years of the survey and ! in 
the second. In the first 5-year period, 35 of the 81 
cases (43 97) were admitted after the first 24 hours of 
life, compared with only 15 of the 75 cases (20%) 
in the second 5-year period. (This is a significant 
difference: y? = 8-61, 0.01 —P- 0-001.) 

Comparative survival rates show no significant 
increase in mortality attributable to delay in diag- 
nosis. In the first 5-year period survival rates were 
54% and 51% according to whether the child was 
admitted within 24 hours of birth or later. In the 
second 5-year period the respective survival rates 
were 68% and 87% (x? = 1-19, P>0-10). 
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Fig.2 Anatomy of the oesophageal lesion and the effect on survival for 145 cases. 
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Preoperative contrast studies and pneumonia. 13 
infants had preoperative studies of the upper 
oesophageal pouch, a variety of contrast materials 
being used. 6 babies died, and 7 survived (survival 
rate 54%); thus the chance of survival in this group 
was not significantly different from that of 50% for 
the series as a whole. 

The pulmonary complication rate in the ‘contrast- 
studied group’ (54%) was not significantly greater 
than that for the noncontrast group (51 94) (P>>0-50). 


Initíal treatment and survival. The 'initial survival 
was calculated at the time of the first discharge from 
hospital. 


(i) Primary repair. Primary repair of the abnormality 
was carried out in 84 cases, 21 (25%) of whom died 
during the initial admission. There was a significant 
improvement in survival rate in the second 5-year 
period (8697) when compared with the first 5-year 
period (58%) (x? = 7.34, P>0-001) (see Fig. 3). 
The causes of death can be seen in Table 1. 
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Fig. 3 Comparison of the results of the three main 
types of treatment for each method as a whole and for 
each 5-year period, 1965-1969 and 1970-1975. Overall 
total of 141 cases. 


Table 1 Causes of ‘initial death in cases of primary 
repair, 1965—1974 





Cause of death No. cases 
Ansstomotic leak followed by sepsis 5 
Congenital heart disease 4 
Recurrent tracheo-oesophageal fistula 2 
Multiple congenital abnormality 2 


Anastomotic leak + sepsis + recurrent tracheal fistula 
-+- congenital heart disease 

Pnueumothorax 

Ruptured bronchus 

Pneumonia + sepsis 

Gastric trans-section + peritonitis 

Enterocolitis 

Choanal] atresia 

Immaturity 

Total 


be ph ph p p l h h pd 


tà 


At the time of review there were 56 survivors, 7 of 

the children having died after the initial discharge 
from hospital. Of the survivors, 12 (21%) had 
developed a stricture (defined as a symptomatic 
narrowing requiring more than 3 dilatations) which 
nearly always improved with the passage of time and 
a bougie, 2 (4%) had had a recurrent fistula ligated, 
1 had had a stricture and a recurrent fistula treated, 
and 2 had had the primary anastomosis abandoned 
because of gross leakage, an oesophagostomy being 
constructed in each case. 39 (70%) of the survivors 
made an uneventful recovery. 
(if) Staged primary repair. No such repair was done 
before the 46th day of life, and the longest interval 
between birth and anastomosis was 161 days (mean 
88.54-33.5 SD days) This method of treatment 
resulted in success in only 5 of the 34 cases 
(15%) and had an initial mortality rate of 53%. 
The repair or attempted repair was abandoned in 29 
cases (85%) and 24 of these died eventually, 6 after 
the first discharge. The other 5 survivors in this 
group were salvaged by oesophagostomy and later 
underwent successful colon interposition. There was 
no change in mortality over the 10-year period. 

In addition to the 34, there was one unusual case 
of a girl who had had a disrupted primary anasto- 
mosis treated by oesophagostomy and gastrostomy 
and then had a successful delayed or 'secondary' 
anastomosis constructed; although a stricture 
developed which required numerous dilatations, the 
child could swallow normally at the time of review. 


(iii) Oesophagostomy and gastrostomy. This method 
was used in 23 cases and the 15 (65%) survivors 
subsequently required colon interposition to restore 
oesophageal continuity. There was no change in 
mortality rate during the period of the review. 
Table 2 shows that treatment by staged primary 
repair seemed to carry the greatest mortality. 


Table 2 Initial mortality rates of each of the three 
main types of initial surgery, according to 
Watersion's groups for 141 cases from 1965 to 1974 





Group Mortality rate as 94 of 141 cases i 
Primary Oesophe Staged Total 
repair gostomy- primary 

gastrostomy repair 
ligation fistula 

A 4-9 0 16-7 6 

B 16-7 12-5 25-0 17-6 

C 64-6 58.3 75.0 66-7 

Total 25.0 34.8 52-9 33-3 





However, the differences in mortality rates were not 
significant, except that overall primary repair gave 
the best results (0-01->>P>>0-001). 

The figures for initial survival are given in Fig. 1 
for 156 cases; and 2 additional cases had died during 
the first few weeks, giving an overall initial survival 
rate of 61% (97 of 158 cases). The initial survival 
rate for 1965/69 was 52% and for 1970/74 was 71%; 
this was probably a. significant improvement 
(x? = 5, 0-05— P 0-02). However, there was no 
significant improvement in survival in any one of 
the risk groups À, B, or C, and the apparent improve- 
ment probably occurred only in those undergoing 
primary repair. Also there was a decrease in the 
number of poor risk cases in the second half of the 
series. : 

All 3 deaths in group A were due to surgical error, 
as were 6 of the 7 deaths in group B. Enterocolitis 
of the terminal ileum was responsible for the remain- 
ing death in group B. In group C, associated major 
congenital anomalies contributed greatly to the 
mortality. In 6 cases these anomalies: were so severe 
and the general condition of the children so -poor 
that death was inevitable, 4 babies being admitted 
in the first 5 years and 2 in the second. None of 
these cases had surgical operations and obviously, 
all died. The postoperative survival rates are given 
in Table 3. 


Delayed mortality. At the time of review exactly 50% 
of the children were alive. After first discharge from 
hospital a further 18 children had died (23% of the 
total deaths). Table 4 lists the causes of these late 


Table3 Initial survival rates in 150 cases undergoing 
surgery excluding 2 cases with insufficient detail 


Group % survival 

1965-1969 1970-1974 1965—1974 
A 90-9 96.4 94 
B 77-8 82.4 80 
C 24-3 46.4 33-8 
Total 55.8 74 64-7 
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deaths. No deatbs followed colon interposition: in 
cases admitted as neonates after 1967, except for 1 
infant in group C in whom the operation was 
performed in the neonatal period in 1969. 


Associated anomalies (Table 5). Some children had 
several anomalies and each is listed separately. A 
total of 64% of the infants had at least one associated 
defect. The effect on survival is shown in Table 6. 


Table 4 Causes of late deaths (18 cases) 





Cause of death 
Admissions 
1963-69 
Group A 
1 Uncertain; died at home with oesophagostomy + 


gastrostomy 


2 Respiratory fallure after colon transplant 
3 Gastropleural fistula after colon transplant 
4 Pneumonia, empyema, bilateral hydronephrosis 
5 Cerebral haemorrhage and anoxia; subglottic stenosis 
Group B 
6 Pyocyaneus septicaemia after colon transplant 
7 Gastrostomy diarrhoca + pneumonia from measles 
8 Mongol; cause of death uncertain 
9 Pneumonia from spastic quadriplegia 
10 Aspirated vomitus after colon transplant 
{1 ‘Asphyala’ + bilateral hydronephrosis 
Group C 
12 Uncertain; sudden death at home 
13 Mongol; viral pneumonia 
Admissions = 
1970-74 
Group A : E 
]4 E. colf peritonitis and septicaemia from gastrostomy 
Group B 
15 Otitis media, meningitis, and cavernous sinus thrombosis 
16 Uncertain 
Group C 
17 Pneumonia and congenital heart disease 
T8 Mastoiditis, meningitis, and hydrocephalus 





Table 5 Associated anomalies in 156 cases 
Anomaly 





No, cases % 


Renal (detaila known in only 84 cases) 25 30 
Skeletal (excluding cleft palate and sacral 

agenesis in anorectal cases) 27 17 
Cardiovascular (excluding isolated right-sided 

aorta) 6 17 
Anorectal 22 14 
Ear defects 18 11-5 
Cleft lip and palate 10 6-5 
Abnormal penis or vulva 8 5 
Hydrocephalus; microcephalus 8 5 
Duodenal atres 7 4.5 
Undescended testis (testes) In 89 boys 4* 4-5 

boys 

Malrotation 5 3 . 
Right-sided aorta 5 3 
Eye defects 5* 3 
Defects of jaws other than cleft lip 3 
Meckel's diverticulum 2 
Volvulus 2 


Down’s syndrome 
Pyloric stenosis or atresia 


"Almost certainly underestimates of true figures, In Liverpool, 
Brereton (1976) found a 13% incidence of undescended testis, = 
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Table 6 Associated anomalies present in 64 % 





Group Living Early death Late death Total 
No other anomalies present 

A 1 l 30 
B 11 3 3 17 
C 5 4 0 9 
Total 44 8 4 56 
Other anomalies present 

A 13 2 5 20 
B 11 4 3 18 
C 11 45 6 62 
Total 35 51 14 100 


Two cases excluded as details were insufficient. 


Discussion 


Delay in diagnosis in this series did not affect 
prognosis, although Hamilton (1969), Swenson 
et al. (1962), and Myers (1974) reported a progressive 
rise in mortality associated with increasing age at 
diagnosis, presumably due to pulmonary complica- 
tions. The review of the American Academy of 
Pediatrics (Holder et al., 1964) found the worst 
prognosis in those cases diagnosed on the first day 
of life. This could have been due to two factors. 
Firstly, that infants of low birthweight, or with 
pulmonary complications and obvious severe 
associated anomalies, tended to be diagnosed at an 
early stage. Secondly, that group A cases were 
better able to withstand the ensuing pulmonary 
complications which accompany late diagnosis. In 
our series, 32% of cases were not diagnosed until 
after the lapse of at least 24 hours, but there was an 
inordinate number of group C cases (46%) and 
these two factors counterbalanced one another, 
differences between the survival rates for group C 
cases discovered early and group A cases discovered 
late clouding the advantages of early diagnosis. 

Because of feeding problems several of the babies 
had been 'tube fed' before diagnosis. This could have 
been avoided by the passage of an inflexible wide 
bore tube (10F) followed by testing for acid reaction 
with litmus paper in all infants with dysphagia or 
respiratory symptoms (particularly those born to 
mothers having had polyhydramnios, Hamilton, 
1969). Optimum care during transportation to a 
surgical unit could also minimise respiratory com- 
plications and reduce the overall mortality and 
morbidity (Koop et al., 1974; Blake er al., 1975). 
Sometimes the possibility of oesophageal atresia is 
not considered in cases of imperforate anus, cleft 
lip, cardiac anomaly, duodenal atresia, and ‘res- 
piratory distress’. On occasion such infants have 
received inappropriate treatment until the diagnosis 
has become embarrassingly obvious. 


Some paediatricians send neonates suspected of 
having oesophageal atresia for radiological contrast 
studies. Although no danger seems to have come to 
the babies so treated in this series, the practice is 
condemned as unnecessary (Freeman, 1969; Hamil- 
ton, 1969) and dangerous should the material be 
inhaled (Koop et al., 1974; Saron et al., 1975), 
especially in studies using the hyperosmolar 'gastro- 
grafin’ which may cause severe pulmonary oedema. 

The operative repair of oesophageal atresia 
should not be considered to be a surgical emergency. 
Many infants with respiratory complications could 
benefit from preoperative intensive physiotherapy 
and antibiotic chemotherapy, as well as correction of 
acid-base and fluid and electrolyte imbalances and 
hypothermia (Haight, 1944; Gross, 1953). A period 
of 24-48 hours of such therapy may be life-saving. 
In the early part of this series 10 infants were 
subjected to surgery when, in retrospect, the pre- 
operative resuscitation had been inadequate as 
judged by present standards. None of these survived. 

The use of preoperative tracheobronchial lavage 
and aspiration (Hertzler, 1965) and particularly 
using miniature fibreoptic bronchoscopes during 
anaesthesia (G. Bush, personal communication, 
1976) may be of considerable value in improving the 
pulmonary status. The latter technique allows the 
study of the trachea for the position of fistulae, 
tracheomalacia, and  extrinsic compression by 
vessels. 

Accurate elucidation of associated anomalies 
(Gruchalski et al., 1976) in group C infants, with 
special reference to those lesions incompatible with 
survival, such as severe intracranial haemorrhage, 
bilateral renal agenesis, gross cardiac abnormalities, 
and various trisomies may influence the management 
of the affected child (Myers, 1974; Cozzi and Wilkin- 
son, 1975). Low birthweight has been shown to be a 
significant factor in the mortality (Haight, 1944; 
Holder et al., 1962; Martin, 1965; Abrahamson and 
Shandling, 1972), and Hertzler (1965) reported a 
52% overall survival rate for infants with low birth- 
weight, falling to 22% in the presence of other 
congenital anomalies (see Table 6). 

Pneumonia was directly responsible for only 7% 
of the deaths in this series, all in group C, although 
50% of the cases developed pneumonia at some stage 
during the initial admission. This contrasts with the 
finding of Holder eż al. (1964) and Hamilton (1969) 
who reported respectively that 62% and 50% of the 
deaths in their series were attributable to pneumonia 
and that the prevention of this complication would 
be the single most significant factor leading to 
improved survival rates. 

The overall survival rate of 50% and initial 
survival rate of 61 % compare fairly well with those 


reported by others (Waterston et al., 1962; Koop 
et al., 1974; Cozzi and Wilkinson, 1975). We cannot 
claim 100% survival for group A cases (Holder 
et al., 1962; Koop et al., 1974; German et al., 1976), 
nor can we match the 97% success rate reported by 
Martin (1965) for all cases with a birthweight 
greater than 2000 g. However, Martin was able to 
perform a primary anastomosis in the majority of 
his cases, whereas in this series primary anastomosis 
was feasible in 82% of group A cases, in only 51% 
of group B, and in 35% of group C. From Phila- 
delphia (Hamilton, 1969) it was reported that the 
two ends of the oesophagus were in partial contact 
in half the cases, but this occurred in only 4°% of our 
cases. 

There is no doubt that primary repair via the 
retropleural approach produces the best results 
(Holder et al., 1964). In cases where the oesophageal 
ends are far apart following ligation of the fistula, 
due consideration should be paid to the possibility 
of freeing the stomach (Zachary, 1965), or to pulling 
up the stomach by means of a Foley balloon catheter 
(Hertzler, 1965), or to lengthening the upper pouch 
by serial myotomy (Livaditis, 1973; Eraklis et al., 
1976) in order to gain extra oesophagus for an 
anastcmosis under less tension. Hamilton (1969) 
reported that anastomotic leaks occurred in 17% 
of his primary repairs and that in the presence of a 
large leak, oesophagostomy (and gastrostomy, if not 
already done) should be performed. In this series 
four operations other than oesophagostomy and 
gastrostomy were performed for anastomotic leaks, 
and as a result all 4 infants died. 

When primary anastomosis was technically impos- 
sible, particularly for infants in groups B and C, the 
best overall initial survival rate was obtained by 
ligation of the tracheo-oesophageal fistula, cervical 
oesophagostomy, and the construction of a feeding 
gastrostomy. However, the construction of an 
oesophagostomy condemns the child to a colon 
interposition, gastric tube replacement, or to 
intrathoracic oesophagogastric anastomosis (Vaage 
et al., 1975), the long-term results of which are 
usually inferior to those from direct oesophageal 
anastomosis. We would agree with Cozzi and 
Wilkinson (1975) that ‘staging’ has not produced 
the benefits that had been anticipated (Holder et al., 
1962; Koop and Hamilton, 1965; Martin, 1965; 
Glasson ef al., 1971). Abrahamson and Shandling 
(1972) showed that ‘staging’ could be harmful 
except for desperately ill infants with severe respira- 
tory problems or with several gross associated 
anomalies. There is no need to stage treatment on 
grounds of birthweight alone (Myers, 1974). The 
policy of ‘staged primary repair’ was associated with 
the most danger in this series and should not be 
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used unless optimal facilities are available, and the 
surgeon must be willing to abandon this form of 
treatment at the first sign of deterioration. Cervical 
oesophagostomy will not save a neglected, moribund 
infant. 

In this series 13 (24%) of the 55 postoperative 
deaths were assessed to be preventable, and all of 
those in groups A and B. Cardiopulmonary pathology 
was responsible for 25% of the deaths, intra- 
abdominal causes for 18%, and multiple associated 
anomalies including chromosomal defects for 11%. 
Tension pneumothorax caused the death of 5 (9%) 
infants and was a major contributing factor in a 
further 2. 

Early recognition and prompt treatment could have 
prevented many of these deaths. It is particularly 
distressing that on occasion junior medical staff did 
not appreciate that a gasping, blue infant could be 
suffering from the effects of tension pneumothorax, 
although in one or two cases the operated side was 
aspirated and the pneumothorax was on the con- 
tralateral side. Other complications that tended to 
cause confusion and were associated with delay in 
diagnosis included Meckel’s diverticulitis, *entero- 
colitis’ of the stomach or intestine, malrotation and 
volvulus, duodenal stenosis, pyloric stenosis, and 
peritonitis due to leakage from a gastrostomy. 
Several of these complications have been recorded 
(Schwartz and Dale, 1955; Berg, 1956; Ahmed, 
1970; Glasson et al., 1973), and in particular those 
consequent upon gastrostomy (Connor and Sealey, 
1956; Holder et al., 1964; Cozzi and Wilkinson, 
1967; Glasson et al., 1971; Koop et al., 1974). 3 
babies in our series died during the initial admission 
because of complications arising from the gastro- 
stomy. 

The incidence of associated abnormalities varies 
according to the diligence with which they are 
sought. Holder et al. reported a 52% incidence and 
claimed that 43 % of the deaths were caused by these 
abnormalities. R. J. Brereton (1976, unpublished) 
and German ef al. (1976) report figures as high as 
68% and 70% respectively. In this series 64% of 
cases had an associated anomaly of varying severity. 

There may be an appreciable mortality rate 
between the first discharge from hospital and final 
accomplishment of normal swallowing. This late 
mortality may be related to secondary attempts at 
the restoration of oesophagogastric continuity, 
recurrent respiratory tract infections, the late effects 
of associated anomalies, or be due to unrelated 
factors. Many of these children, particularly those 
with gastrostomies, tend to be retarded in develop- 
ment and are prone to diarrhoea with failure to 
thrive, subject to infection, especially in the respira- 
tory tract, middle ear, and urinary tract, or less 
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commonly, may be obese and unhealthy from 
‘forced feeding’. Sometimes the care of these infants 
at home or in ‘convalescent institutions’ leaves 
something to be desired, and on occasion it seems 
that those giving advice to the mother are unaware 
of the risks and dangers to which these infants are 
exposed. Several of the infants in this series developed 
diarrhoea and were readmitted in states of extreme 
dehydration. Sudden death from unexplained causes 
sezmed unusually common and this could probably 
have been prevented by more adequate community 
care (Oakley et al., 1976). Of the late deaths in this 
series at least 10 (56 %) could have been prevented 
(Table 4). 

Overall, at least 23 (29 77) of the 79 deaths were 


wholly preventable. In group B all of the early 
deaths could have been avoided, and at least 30% 
of the late deaths. 


We thank the Department of Medical Illustration 


at the United Sheffield Hospitals for the figures, and. 


Mrs J. Gill, Mrs M. Bratherton, and Miss C. 
Tedford for typing the manuscript. 
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Oral rehydration in infantile diarrhoea 


Controlled trial of a low sodium glucose electrolyte solution 
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SUMMARY The paper describes the first controlled trial of an oral glucose electrolyte solution 
designed on the basis of the optimum pathophysiological needs for rehydration in infantile 
diarrhoea. The solution, having a sodium concentration of 50 mmol/l, was tried in a group of 
20 infants with moderate to severe dehydration due to acute diarrhoea and was compared with a 
matched group of 19 infants predominantly under 2 years of age taking a ‘standard’ oral solution 
with a sodium concentration of 90 mmol/l. They could be hydrated as well with a low sodium oral 
solution alone as with the standard solution. Intravenous fluid was not required in either group. 
The group treated with the high sodium 'standard' solution appeared to develop hypernatraemia 
and/or periorbital oedema more frequently than the other group. Álso, the low sodium solution 


eliminated the need for additional free water orally. 


Development of oral hydration for acute diarrhoeal 
diseases has emerged as a major therapeutic advance 
(Pierce et al., 1968; Hirschhorn et al., 1968, 1972, 
1973; Sack et al., 1970; Nalin ef al., 1970; Mahal- 
anabis et al., 1973, 1974; Lancet, 1975). A single 
universal oral hydration solution having a sodium 
concentration of 90 mmol/l has been recommended 
by WHO/UNICEF (Treatment and Prevention 
of Dehydration in Diarrhoeal Diseases, 1976) 
for rehydration, 'in all age groups with acute 
diarrhoea of all causes’. This universal oral hy- 
dr&tion solution emerged largely from the studies in 
adult patients with acute cholera and has subse- 
quently been used in children. It has been shown 
that the average faecal sodium concentration in 
infantile diarrhoea is about 56 mmol/l as against 101 
and 140 mmol/l in children and adults with cholera 
respectively (Mahalanabis et al., 1970). Furthermore, 
the possible risk of hypernatraemia after the use of 
such a solution in infants has prevented its wider 
acceptance by paediatricians. 

This study was designed (a) to evaluate the efficacy 
and safety of an oral solution with a lower sodium 
concentration (50 mmol/D similar to the mean faecal 
sodium concentration in infantile diarrhoea, (b) to 
attempt complete hydration of infants with moderate 
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and severe dehydration with oral solution alone, 
and (c) to investigate the possible risk of salt over- 
load in infantile diarrhoea with the oral solution 
advocated by WHO/UNICEF. 


Material and methods 


Infants and children aged 4 months to 4 years, 
admitted with a history of acute watery diarrhoea 
with or without vomiting, and with moderate to 
severe dehydration as judged by clinical examination 
(i.e. moderate to marked loss of skin turgor, sunken 
eyes, dry mucous membrane, tachycardia with or 
without a feeble pulse), were included in the study. 
They were randomly assigned to either of two 
treatment groups, A and B. 

Children in group A were hydrated by an oral 
solution (solution A) similar to the one advocated by 
WHO/UNICEF (Treatment and Prevention, 1976) 
having the following composition: Na*90, K*15, 
C1-75, HCO; 30 mmol/l (90, 15, 75, 30 mEq/l), 
and glucose 90 mmol/1 (1621 mg/100 ml). Children 
in group B were treated by an oral solution (solution 
B) containing Na*50, K*15, CI^50, HCO; 15 
mmol/l, glucose 170 mmol/] (3063 mg/100 ml). Both 
solutions had a calculated osmolarity of 300 
mOsm/1. 

Before treatment the child was weighed nude on 
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a balance with a sensitivity of | g. A nasogastric tube 
was introduced, the stomach aspirated, and intra- 
gastric drip of either solution was started. Solutions 
A and B were given at approximately 10 ml and 
12-5 ml/kg per hour, respectively, until complete 
clinical hydration was achieved. Those children who 
had further diarrhoea were given the same solutions 
orally as drinks to replace stool losses. Patients in 
group A were actively encouraged to drink additional 
water after 4 hours of hydration. Allowance of free 
water in these children was dictated by ethical con- 
siderations and our desire to conform to the recom- 
mendations of WHO/UNICEF (Treatment and 
Prevention, 1976). 

Initial hydration was usually achieved within 12 
to 24 hours, after which patients were allowed 
dilute milk and/or breast milk; low lactose milk 
formula not being available. Whole cows’ milk was 
restored usually within 3 days of admission. Older 
children were allowed components of adult diet 
within 24 to 48 hours. All patients received tetra- 
cycline hydrochloride 50 mg/kg body weight per day 
for 4 days, in accordance with the prevailing practice 
in the paediatric unit where the study was conducted. 

Clinical features, plasma specific gravity, and 
haematocrit were recorded on admission, at 6 
hours, after initial hydration, 48 hours after ad- 
mission, and on recovery. Recovery was defined as 
a time when a stable body weight was attained after 
diarrhoea had stopped. This usually took 5 to 6 
days. Plasma electrolytes were estimated in triplicate 
from frozen samples on admission, after initial 
hydration, and at recovery in a flame photometer, 
plasma CO, combining power by a Van Slyke 
volumetric apparatus, and plasma specific gravity by 
a temperature compensated refractometer (T. S. 
Meter" R, American Optical Co.). 

Stool samples were examined routinely for the 
presence of reducing substance using Benedict's 
qualitative reagent. Methods for isolation of entero- 
pathogens have already been described (Sack et al., 
1970). 


Results 


Of the 39 infants, 19 received solution A (group A) 
and 20 solution B (group B). 


Nutritional status. Table 1 shows that except for 
2 children in group A and 1 in group B, all had 
varying degrees of malnutrition. Clinical kwashiorkor 
was present in 3 in group A and 2 in group B. 


Enteropathogens. Known enteropathogens were 
shown only in 4 cases of group A; three were 
enteropathogenic E. coli (EPEC) type 0.128: K67 
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(B12) and the fourth Vibrio cholerae El tor (Inaba). 
In 5 patients in group B enteropathogens were 
isolated; three were EPEC type 0.128: K67(B12), 
and two were V. cholerae El tor (one Inaba, and 
one Ogawa). Lack of facilities prevented the search 
for reovirus as an aetiological agent. 


Clinical features. Table 2 shows that the clinical 
features were comparable in the two groups of 
patients. 93°% of the children had altered sensorium 
(i.e. drowsy, or drowsy with irritability to touch, or 
comatose) of whom 10% had frank convulsions on 
admission. Hypernatraemia (Na>150 mmol/l) on 
admission was noted in 2 in group A and | in group 
B (Fig.). Neurological manifestations were absent in 
all of the children with hypernatraemia on admission; 
however, one had a history of seizures before 
admission. Per cent weight gain, and biochemical 
values recorded on admission and at various 
points during recovery (Table 3, Fig.) showed 
no significant differences between the two groups. 


Table 1 Nutritional status: body weight as percent 
of expected weight (Harvard mean), and evidence of 
sodium overload in the various nutritional groups* 














Study Normal Mild Moderate Severe 
group nutrition malnutrition malnutrition malnutrition 
(> 80%) (71-80 4) (61-70% (<60%) 
(n) (n) (n) (n) 
A 2 4 8 5 
(0, 2)t (0, 1) (2, 3) (1, 1) 
B l 3 10 
(0, 0) (0, 0) (0, 1) (1, 2) 





* 3 patients in group A and 2 in group B were suffering from kwashi- 
orkor. 

tFirst figure in parentheses represents the number with hypernatraemia 
persisting or developing after oral hydration, and the second figure 
the number developing periorbital oedema after treatment. 





Table 2 Comparison of the two study groups hydrated 
with two different oral fluids 
Group A* Group B 
(n — 19) (n — 20) 
Median age (yr) 0-75 0-76 
(range) (0-33-4-0) (0-33-1-91) 
Age distribution (yr) 
<0:5 6 LR 
0-5-1-0 6 8 
1 -0-2.0 4 5 
2-0-4-0 3 0 
Findings on admission (mean + SE) 
Pulse rate 14346 148 4-7 
Rectal temp (°C) 38-5+0-28 38 -6+0-28 
Systolic BP (mmHg) 91+2 88+2 
Duration of diarrhoea before 
admission (d) 4-6+0-8 3-3+40-6 
(mean + SE; range) (0-5—10) (1-10) 
Body weight after recovery 6-30 4-0-45 §-26+0-23 
(kg) (mean + SE; range) (3-40—10-48) (3-43-7-19) 
Mean time required for 
initial hydration (h) 16-7 19-4 


—————————————— 


*Groups A and B were hydrated by solutions A and B respectively. 
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Table 3 Body weight and biochemical parameters (mean + SE) on admission and during recovery in the two study 
groups at indicated times 





Study On admission 6 hours After complete 48h At recovery 
groups er initial after 
admission hydration admission 

Weight gain (%)* 

A 2-78 40-58 5:31+0-63 7-3140-87 9-2441-1 

B 2-61+40-45 6-2140-41 7-6240-65 9-63:-0-71 
Plasma specific gravity 

A ] 1-02704-0-0008 1.0254 4-0 -0007 1-02262-0.0005 1 -0229 +0- 0006 1:0235 -4-9-0004 

B 1-0276 4-0-0003 I -0263 4-0-0007 1-0229 +0-0005 1 -0234 +0 -0007 1-0230 40-0006 
Haematocrit (92) 

A. 38-4-41-0 35.3-- 1.1 30-7--0.7 32.0--0.8 31-2+0-9 

B 38-S5+1-1 36-9+41-2 30-9+1-1 31-84+1-2 31-1+1-1 
Sodium (mmol/T) 

A 136.34-3-1 — 139-243-2 — 138.54:2.6 

B 132-44£2-7 — 137.9 2:3 — 139 -2+42.3 
Potassium (mmol/I) 

A 3-1:0-2 nee 2°9+0-3 — 3.90.2 

B { 3-44+0-2 — 3-7+0+3 — 4-3+40-1 
Bizasrbonate (mmol/D 

A 8-640-6 — 16.2:-0:6 — 23.04-0-7 

B 7-54+0-5 — 14-8+0-6 — 23-2::0-8 





* Expressed as percent of recovery body weight. 
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Fig. Plasma sodium values on admission and during 
recovery. 


Group A 


Results of treatment. All the children in both groups 
were successfully hydrated orally and none required 
intravenous therapy. Table 4 shows the rate and 
amount of oral fluids given to each group of patients. 
In group A 2 patients were hypernatraemic on 
admission (Fig), of whom one became normon- 
atraemic after treatment, while the other remamed 
hypernatraemic until recovery; and 2 normon- 
atraemic children on admission developed hyper- 
natraemia after treatment. However, none of these 


patients showed neurological manifestations. De- 
tailed clinical and biochemical information on the 
patients with persistent hypernatraemia is given in 
Table 5. In group A periorbital oedema was noted 
in 7 patients after initial hydration, which regressed 
over a period of 1 to 5 days. In group B hyper- 
natraemia on admission was noted in one case, 
which persisted up to the end of initial hydration 
but returned to near normal at the time of recovery 
(Fig). This child also showed no neurological 
manifestation. In 3 cases mild periorbital oedema 
unrelated to hypernatraemia was noted but regressed 
over a period of 1 to 2 days. 

There were 2 late deaths (1 pneumonia, 1 septic- 
aemia) in group B. Both were kwashiorkor babies, 
with wasting, pitting oedema, typical hair and skin 
changes. 2 patients in group B and 1 in group A 
had abdominal distension with hypoperistalsis on 


Table 4 Amount of oral hydration fluid and water 
administered 








Group A Group B 

Intragastric drip over 

first 6 h (ml/kg per h) 

Mean i SE 10-3.F0-41 13.9-r0.53 

Maximum 13.5 17-6 
Amount of oral fluid required for 

initial hydration (ml/kg) 133-2:-8-3 211-54:9.3 

(mean + SE; range) (98-229) (159291) 
Amount of additional oral solution 

needed after initial hydration 58:4: 19.4 TI -34-25.3 

(ml/kg) (mean + SE) (n=7) (099) 

(n-»number who needed it) 
Water intake during initial 

hydration (ml/kg) (mean + SE) —74-6.t5.8* Ni 





'* Started after 4 hours of hydration. 
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admission but all 3 responded to oral hydration. A 
significant amount of glucose in the stool was found 
only in 2 children hydrated with the low sodium oral 
solution containing a relatively higher amount of 
glucose, but it did not interfere with oral rehydration. 
Vomiting, which is not uncommon during the 
initial phase, also did not prevent successful 
hydration. 


Discussion 


This is the first controlled study using an oral 
glucose electrolyte solution containing an optimum 
concentration of sodium designed in accordance 
with the pathophysiological needs (Darrow, 1946; 
Darrow et al., 1949) of hydration therapy in in- 
fantile diarrhoea. 

We have shown that comparable groups of 
infants predominantly under 2 years of age, with 
moderate to severe degree of dehydration, can be 
adequately hydrated with either solution alone. 
A. steady intragastric drip and prior aspiration of 


stomach contents contributed to these satisfactory . 


results from oral therapy even in those with severe 
dehydration. Although stool volumes could not be 
measured during therapy, careful clinical evaluation, 
repeated weighing of the infant, and sequential 
measurement of plasma specific gravity and 
haematocrit were deemed adequate indices of 
favourable response to oral therapy. 

Previous studies have shown a significant rise in 
serum sodium in eight paired observations (Hirsch- 
horn et al., 1972), and periorbital oedema in 3 out 
or 17 infants (Hirschhorn et al., 1973) treated with 
an oral solution similar to solution A, but no frank 
hypernatraemia was reported. Although no sig- 
nificant difference was found in this study for the 
development of hypernatraemia and/or periorbital 
oedema between the two groups, nevertheless 
children treated with a higher salt solution showed 
a trend towards developing these complications 
more frequently in spite of persistent efforts to 
administer water freely by mouth. 

Several factors may have contributed to the 
persistence of hypernatraemia in these children. 
They were all young (Table 5) and were febrile on 
admission. The only hypernatraemic child who 
became normonatraemic after therapy was relatively 
older (3:74 years) No significant relationship 
between the nutritional status and persistence of 
hypernatraemia was observed (Table 1). In an 
effort to combat undernutrition, we introduced full 
strength cows’ milk formula early, leading to 
varying degrees of osmotic diarrhoea in these 
children presumably due to temporary lactase 
deficiency (Chatterjee et al., 1977) which further 


contributed to hypernatraemia (Fordtran, 1973). 
Another important factor was that the majority of 
the children, including those who remamed hyper- 
natraemic, had low levels of serum potassium even 
in the presence of acidosis on admission, reflecting 
low total body potassium. This is known to cause 
sodium retention from the administered fluid, 
particularly if it is deficient in potassium (Cheek, 
1956; Katcher ef al., 1953). It is notable that the 
group having high sodium oral solution received - 
comparatively less potassium with respect to sodium 
than the other group. Although it would have been 
useful to investigate the response of the kidneys to 
salt overload in these children, ethical considerations 
prevented us from submitting them to any salt 
loading test when they had just recovered from 
severe acute diarrhoea. 

Solution B with a lower sodium concentration is 
not only as effective as the recommended universal 
solution but also eliminates the need to ensure 
additional free water intake, thus rendering treat- 
ment much simpler, and its use reduces the risk of 
salt overload particularly under less stringent 
clinical supervision. Although none of the patients 
with persistent hypernatraemia manifested any 
central nervous system signs, this finding and also 
the frequent occurrence of periorbital oedema 
suggest caution in using high sodium oral hydration 
solutions in infants under 2 years of age. 
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Nutrition, sex, gestational age, and hair growth 


in babies 


H. M. BERGER, J. KING, 8. DOUGHTY, AND B. A. WHARTON 
From the Special Care Baby Unit, Sorrento Maternity Hospital, Birmingham 


SUMMARY Hair growth measurements are a sensitive indicator ‘of nutrition and we have assessed 
their value in the perinatal period. The proportion of growing roots and their diameter were studied 
at birth in 114 babies and repeated 3 weeks later in 29 low birthweight babies. Intrauterine mal- 
nutrition resulted in thinner roots but the changes after birth were not related to nutrition and these 
measurements will not be useful in feeding studies in this period. At birth, gestational age and sex 
affected the hair root, and it may be important to recognise these differences if the hair root is used 
in biochemical screening tests. We have used a new simple technique for measuring the root diameter 


-using an image-splitting eye-piece. 


Hair, one of the fastest growing tissues, is rapidly 
affected by nutritional and endocrine changes 
(Platt, 1965) and recently quantitative measurements 
of hair root morphology have been used to study 
. nutrition in children and adults (Bradfield et al., 
1968; Bradfield, 1971). We planned this study to 
assess whether these measurements were also a 
sensitive indicator of nutrition in newborn babies 
and to determine what other factors affected hair 
growth in this period. 


Patients 


Hair samples were collected at birth from 114 babies 
born at this hospital after informed consent had 
been obtained from the mother. (a) 46 term babies 
(23 boys, 23 girls): gestation assessed at 37-41 
completed weeks by mother's dates and confirmed 
by paediatrician's assessment (Dubowitz et al., 1970); 
appropriate weight for gestation, i.e. weight between 
5th and 95th centiles (Tanner and Thomson, 1970). 
13 of these babies were Asian and the others 
European. (b) 38 preterm babies (22 boys, 16 girls): 
gestation 36 weeks or less, appropriate weight for 
gestation. 7 Asians, 31 Europeans. (c) 30 light for 
dates, term babies (11 boys, 19 girls): gestation 37-41 
weeks, weight for gestational age below 5th centile. 
13 Asians, 17 Europeans. 

A further sample of hair was collected in 14 pre- 
term and 15 light-for-dates babies at 21 days of age. 
They were fed on SMA or SMA Gold Cap and had 
gained weight satisfactorily (mean +SD 275 4:20 g). 


Received 22 August 1977 


Methods 


Technique. The morphology of hair from the 
occipital region was studied using a modification of 
the method described by Bradfield (1972). The 
occipital area was used because it contains the 
largest number of growing roots at birth (Pecoraro 
et al, 1964). A sample of hair was plucked using 
forceps with a cross-hatched gripping surface. After 
the distal ends of the shafts of the hairs had been 
placed between two 4' adhesive labels they were 
released from the forceps. The sample was then 
stored in an air-tight plastic packet until analysis. 
The samples frequently contained broken shafts, 
particularly those taken on the 21st day after birth. 
Only samples with a minimum of 8 intact roots on. 
day 1, or 5 intact roots on day 21, have been included 
in the results. The mean (4-SD) number of hair 
roots analysed was 28 -- 14. 


Measurements. The sample, still attached to the 
label, was dipped into water and then slid into a 
Fuchs Rosenthal red cell counting chamber (depth 
0-2 mm) already filled with water. The sample was 
then examined in two ways using a monocular 
microscope. (a) Under x 24 magnification all the 
roots were classified as growing (anagen) or resting 
(telogen) (see Fig. la). The number of anagens 
present was then expressed as a percentage of the 
total number of hair roots. (b) The diameter of the : 
anagen roots was then measured. Whenever possible 
10 anagens were measured, and only samples-with at 
least 5 anagens were included in the results on the 
root diameter. The diameter was measured using a 
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Vickers AEI image-splitting eye-piece at x 60 
magnification. 

This method was adopted because it was easier 
than using a graticule or filar micrometer as any 
root in the field of the objective lens could be 
measured without moving the hair to a reference 
line. Turning the micrometer screw on the side of the 
eye piece split each root into a red and green image 
(see Fig. 1b) and when their edges were just touching, 
the measurement was taken on the digital readout 
of the eye piece. This had been calibrated using a 
stage micrometer. 


Statistics. (a) The percentage of anagens was 
compared using the Wilcoxon Ranking test. (b) 
Student's ¢ test was used for the hair root diameters. 


Results 


At birth, 


Hair root diameter (Fig. 2). The diameter increased 
as gestation advanced so that term babies had 
significantly thicker roots than preterm babies. The 
roots of these term babies were also significantly 
thicker than those of the light-for-dates babies. There 
was no difference between Asians and Europeans. 
The mean root diameter in girls was greater than 
that in boys but this difference was not significant. 


Anagen number (Fig. 3). In these well nourished 
babies the number of anagens was not related to 
gestational age in girls but in boys there was a 
significant decrease as gestation advanced. In 
well nourished babies the anagen number was high 
in girls and low in boys (Fig. 4). This difference did 
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Fig. 2. Hair root diameter at birth. In well nourished 


babies the diameter increased with gestational age 

(r = 0-58, P—0-001) so that term babies had thicker 
roots (mean --SD, 13:2 + 3:6 mm x 107) than 
preterm babies (9:1 + 2:0, P<0-001). The roots of 
these term babies were also thicker than those of the 
light-for-dates babies (8:3 + 3:0, P<0-001). 





(a) 


Fig. 1 


(b) 


(a) The growing root, anagen, on the left, is bell shaped, heavily pigmented, and has a sheath, while the 


resting root, telogen, on the right, is tear-drop shaped and has lost its sheath and pigmentation. (b) The anagen has 


been split into two images. The root diameter is measured on the calibrated eye piece dial when the edges of the two 
images just touch. The sheath is not included in the measurement. 
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Fig. 3 Number of anagens at birth in babies of 
appropriate weight for gestation. Advancing gestational 
age did not affect the number of anagens in girls 

(r = —0-05, not significant) but resulted in a decrease 

in the number of anagens in the boys (r = 0-52, 

P0 00D). At term the boys had fewer anagens than the 
girls (P<0-05). 


not occur in light-for-dates babies; anagen number 
was high in boys and girls. The difference between 
the well nourished and light-for-dates boys was not 
significant. The larger number of anagens in the - 
Asians was not significantly different from the 
Europeans. 


After birth. 


The root diameter and number of anagens decreased 
over the 3 weeks in the 29 low birthweight babies. 
(Table). 


Discussion 


The results showed that during intrauterine life hair 
growth was affected by the sex, gestational age, and 
nutritional status of the fetus. After birth the hair 
root rapidly entered a resting phase. Girls had more 
growing roots than boys, perhaps due to hormonal 
differences. During pregnancy when oestrogen levels 


are high the mother has an increased number of 
growing hair roots which rapidly revert to the 
resting phase as oestrogen levels fall in the post- 
partum period (Lynfield, 1960). On the other hand, 
testosterone, after conversion in the hair follicle to 
the active form Sadihydrotestosterone, inhibits hair 
growth as in male pattern baldness (Adachi, 1973). 
At term boys have a greater plasma testosterone 
level (Forest et al., 1973), and males appear more 
able to form Sadihydrotestosterone in the hair 
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Fig. 4 The number of anagens in term babies. (1) 
Effect of sex. Appropriate-weight-for-dates boys (A and 
B) had fewer anagens than girls (C and D) (P<0-05). 
When further divided into racial groups the difference 
persisted in the Asian babies (B cf D) (P<0-05) but 

not in European babies (A cf C). (2) Effect of intrauterine 
nutrition. Light-for-dates boys (E and F) had the same 
anagen number as the girls (G and H). This increase in 
the anagens in the light-for-dates boys (E and F) was not 
significantly different from the appropriate-weight-for- 
dates boys (A and B). (3) Effect of race. Differences 
between Asians and Europeans were not statistically 
significant in any of the groups. 


Table Postnatal changes in the number of anagens 
and their diameter 


Hair measurement Day 1 Day2i P No. af bables* 





9S anagens 
Mean 51 30 
Median 62 6 
Range 0-100 0-100 


«0.05t 29 


Root diameter 
Mean --SD 
(mm x 1072) 


*Seo methods. f 
tWilcoxon’s rank sum test for pair differences, 
{Student's ¢ test on paired observations. 


9.0--2.0 6-042-0 <0-005f 12 
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follicle (Houssay, 1976) so that the resting state of 
the hair follicles seen more commonly in boys may 
be a similar phenomenon to male pattern baldness 
in later life. Such differences between boys and girls 
were not found by Pecararo et al. (1964) and 
Kostanecki et al. (1965), but they did not record the 
race, gestational age, and nutritional state of their 
babies. Saadat er al. (1976) found similar results to 
ours in that the babies who had no growing roots at 
birth were mainly boys, although in their discussion 
they reached the opposite conclusion. 

The number of resting hairs in boys increased as 
gestation advanced. Plasma testosterone does not 
increase with gestational age nor is there a decrease 
in its plasma protein binding (Reyes er a/., 1973), 
but the maturing hair follicle may be more able to 
convert testosterone to Sxdihydrotestosterone as 
fetal enzyme systems mature. The increase in hair 
root diameter with gestational age is similar to the 
changes in hair shaft diameter found by Baum et al. 
(1974). 

Intrauterine malnutrition affected hair growth, 
since the light-for-dates babies had thinner roots. 
Similar changes are seen in postnatal malnutrition 
(Bradfield et al., 1968) and a thinner shaft diameter 
has been described by Baum et al. (1974) in mal- 
nourished newborns. The effect of intrauterine 
malnutrition on the number of growing roots was 
unexpected. In long term postnatal malnutrition the 
proportion of anagens is reduced (Bradfield et al., 
1968), but in the light-for-dates girls in our study 
there was no change while in boys the number of 
growing roots had actually increased. In intrauterine 
malnutrition the hair follicle may become less 
responsive to the effect of hormones or, in boys, the 
hair follicle may no longer be able to convert the 
testosterone to its tissue active form. The larger 
number of growing roots seen in the Asians was not 
significant, but may be worth further study as race 
affects hair form and distribution (Rook, 1975). 

After birth the number of growing roots and their 
diameter decreased, and this occurred in the preterm 
and light-for-dates babies even though weight gain 
was satisfactory. Furthermore, although cystine is a 
major component of hair we found no relationship 
between hair growth and cystine concentration in the 
diet (Berger et al., 1976). These changes may be due 
to hormonal changes after birth, for example, loss of 
oestrogen stimulation, rather than to postnatal 
nutrition. This finding needs to be confirmed in 
normal term babies since hair loss occurs during the 
first few months of life (Pecoraro ef al., 1964). 
Technical difficulties may have affected the results. 
On the first day the hair was moist and often covered 
in vernix and large samples were obtained, but by 
3 weeks the dry hair was brittle so that the more 


easily plucked resting roots may have contributed 
excessively to the proportion of intact roots per 
sample. This, however, would not explain the 
decreased diameter of the hair roots and we believe 
the findings do reflect the changes occurring in the 
scalp. 


Clinical implications. Measurement of the hair root 
and shaft has been used in the assessment of protein- 
calorie malnutrition in tropical countries. Recently, 
however, the technique of measurement has been 
criticised as ‘tedious and time consuming’ (Johnson 
et al., 1975). Modification of the technique by using 
an image-splitting eye-piece allows easier and quicker 
measurement, and therefore wider application, for 
example in assessment of failure to thrive or in 
prediction of poor intrauterine growth by studying 
maternal hair (Bradfield et al., 1975). It is unlikely 
to be of use in assessing nutrition in the newborn 
since many other factors appear to affect hair growth 
at this time. Hair is increasingly used as a tissue for 
biochemical investigation of trace elements and 
enzymes for carrier states. It is important to realise 
that hair undergoes growth cycles and that in early 
infancy the resting state may influence the results. 
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Research Fellowship. We thank Mr H. Sharpe and 
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and Mrs H. Bird for typing the manuscript. 
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Increase in hospitalisation for childhood asthma 


H. ROSS ANDERSON 


From the Department of Clinical Epidemiology and Social Medicine, St. George's Hospital Medical School, 
London 


SUMMARY Asthma admissions among children under 15 years of age have increased nearly three- 
fold over the period 1959-73. The possible reasons for this increase have been examined using 
available data supplemented by the results of a special study of hospital disease indexes and case 
notes. Changes in diagnostic coding and trends in diagnostic fashion do not appear to be important. 
Part of the increase may be due to an increase in readmission rates. Changes in admission criteria 
resulting from changes in therapy, organisation of care, and illness behaviour have been considered. 
However, on present evidence an increase in morbidity cannot be excluded, and this could be 
investigated by repeat prevalence surveys of schoolchildren. If morbidity remains unchanged, 
admission policies for children with asthma should be reviewed. 


The Hospital In-Patient Enquiry (HIPE, Depart- 
ment of Health and Social Security) shows that the 
annual admission* rate for asthma in children aged 
1-14 years has increased nearly threefold over the 
15-year period to 1973 (Fig. 1). Among the 5- to 14- 5 - 14 YEARS 
year age group, in 1972 asthma accounted for nearly 
twice as many bed-days as bronchitis and pneu- 
monia combined, a reversal of the situation in 1960 
(Table 1). Similar trends have been reported from 
Scotland (Lockwood, 1971) and from three different 
parts of the United States (Richards and Patrick, 
1965; Falliers, 1970; Palm ef al., 1970). 

Hospital data are important because they provide 
the only available indication of trends in morbidity 
from severe asthma in children. Even if these trends 
can be explained entirely by changes in medical 
practice, such an increase in the hospitalisation 
of young children warrants discussion. The data 
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Table 1 Annual number of bed-days per 10 000* due to 
asthma admissions in the 5— to 14—year age group: NHS 
hospitals 1960 and 1972 


Boys Girls AII 


HOSPITAL ADMISSIONS FOR ASTHMA PER 10 000 








1960 1972 1960 1972 1960 1972 








Asthma 100.8 81-9 66.4 46-9 167.2 128.8 


Bronchitis + 
pneumonia 158-0 40-4 135-0 29-6 293-0 70-0 





*Estimated annual discharge rate per 10000 x average length of 
stay. Source: Hospital In-Patient Enquiry. 





*Strictly speaking these are hospital discharges and deaths YEAR 
for asthma. 

Fig. 1 Hospital admissions for asthma in England and 
Received 5 July 1977 Wales, 1958-73 (source: HIPE). ere 
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available are inadequate to determine precisely 
the complex factors responsible for this increase. 
However, it is intended that discussing them within 
the framework of an appropriate model will help 
clarify some of the important questions concerning 
childhood asthma. The model (Fig. 2) shows three 
factors, therapy, organisation of care, and illness 
behaviour, as interdependent and to some extent in- 
separable. Together they determine admission criteria 
and, by interacting with basic morbidity, produce 
the level of morbidity observed in the community. 


Sources of data 


Trends in admissions for asthma and other childhood 
respiratory diagnoses were constructed from pub- 
lished and unpublished data from the HIPE. 
Unpublished regional summaries of the Annual 
Hospital Return provided information about avail- 
able paediatric beds and paediatric outpatient 
attendances. Information about changes in readmis- 
sicn rates and source of referral was obtained by 
analysis of disease indexes and case notes of asthma 
admissions aged 5-14 years from two North London 
suburban hospitals for the periods 1959-63 and 
1973-74. Both of these hospitals had shown a more 
than threefold increase in children’s admissions for 
asthma over this time. To provide additional 
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ADMISS [ON 


INFORMATION SYSTEM 
DIAGNOSTIC CODING 
DIAGNOSTIC FASHION 
READMISS IONS 


HOSPITAL STATISTICS 


information about variations in source of referral 
in 1973—74, case notes from an inner London 
teaching hospital were examined in the same way. 
National trends in prescriptions by general practi- 
tioners for some antiasthmatic preparations were 
obtained from the Department of Health and Social 
Security (DHSS). 


Information system 


Classification. The only revision of the International 
Classification of Diseases (ICD) within the period 
under discussion occurred in 1965 (implemented 
by HIPE in 1968). This did not change the criteria 
for classifying asthma and cannot explain the 
observed trends. 

Diagnostic transfer. Because diagnostic fashions 
may change over time, and because the clinical 
diagnosis of asthma is not always clear-cut, it is 
possible that other respiratory conditions are being 
increasingly labelled as asthma. For example, 
‘wheezy bronchitis’, ‘asthma with bronchitis’, and 
‘asthmatic bronchitis’ are all classified under the 
ICD as ‘bronchitis unqualified’ (ICD 490). A trend 
towards the diagnosis of these conditions as ‘asthma’ 
cannot be excluded, especially as there is increasing 
epidemiological evidence that ‘wheezy bronchitis’ is 


-— — 
£-— = 2. 


Fig. 2 Model of factors affecting 


OF CARE / hospital statistics. 
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closer to the syndrome of asthma than to acute 
bronchitis (Williams and McNicol, 1969). A com- 
parative study of case notes is unlikely to settle this 
question because insufficient diagnostic criteria 
would be available. 

Clues about diagnostic transfer were sought by 
comparing trends in asthma admissions with those 
of conditions with which diagnostic transfer may 
have occurred. From Fig. 3 it appears that neither 
the direction nor scale of trends in other respiratory 
conditions is consistent with the theory that diag- 
nostic transfer could account for the nearly threefold 
increase in asthma admissions. 


Readmissions. Since HIPE does not distinguish 
between admissions and readmissions, the increase 
in admission rates for asthma could be due either to 
an increase in the number of patients admitted 
annually or to an increase in the admissions per 
patient. A survey of Hospital Activity Analysis 
disease indexes from 6 hospital groups in different 
areas of England in 1973-74 showed a calendar 
year readmission rate (no. readmissions in one 
calendar year —total admissions in the same calendar 
year) of 25% in the 0- to 4-year age group and 26% 
in the 5- to 14-year age group (Anderson, 1976). 
Assuming a uniform distribution of admissions 
throughout the year, these calendar year rates refer 
to an average of 6 months ‘at risk of readmission’. 
These rates are likely to be underestimates because 
patients readmitted under another case number or 
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to another hospital would not be identified as 
readmissions. 

Readmission is therefore an important feature of 
asthma utilisation data and trends in readmissions 
might explain some of the trends in admissions. 
At the two London suburban hospitals, calendar 
year readmission rates for the 5-14 age group in 
1959-63 were compared with those in 1973-74. 
These rose from 11 % (8/73) to 27 % (40/148) and the 
proportion of persons admitted more than once 
within a calendar year increased from 12% (8/65) to 
19% (21/108). Readmissions per person readmitted 
rose from 1 (8/8) to 1-9 (40/21). If these figures 
represent the national trend, the increase in ad- 
missions appear to be partly explained by an increase 
in readmissions. 


Criteria for admission 


Changes in admission criteria may consist of either 
(a) a change in the distribution of the various 
reasons for admission, or (b) a change in the level of 
severity considered to warrant admission for any of 
these reasons (sometimes referred to as ‘threshold’). 
As Fig. 2 indicates, admission criteria are influenced 
by the way health services are organised, by the 
current fashions of therapy, and by the many factors 
which may be classified under the heading of ‘illness 
behaviour' (Mechanic, 1968). 

In asthma the various reasons for admission 
include degree of acute physical disturbance, 


5 - 14 YEARS 
ICD CHANGE 


HOSPITAL ADMISSIONS PER 10 000 





YEAR 


Fig. 3 Trends in admissions for acute bronchitis (AB), bronchitis unqualified (BU), pneumonia (P), and asthma (A) in 
England and Wales, 1958-73 (source: HIPE). ICD — International Classification of Diseases. 
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duration of episode, considered risk of deterioration 
or death, stabilisation of difficult chronic asthma, 
investigation, and social and: psychological neéds. 
Commonly, a nuniber of these reasons are combined. 
7 Itis difficult to.obtain evidence for a trend in the 
distribution of reasons for admission using routine 
data. However, HIPE records immediate admissions 
(not. booked or planned, waiting list or transfer), 
thus enabling identification of those admissions likely 
to-have been urgent. Ovér the period 1963 to 1973, 
the percentage of immediate admissions increased 
from 86% to 92% in the 5- to 14-year age group, 
while remaining at nearly 100% in the 0-4 age group 
(97% .to.99%). This suggests that the increase in 
admissions is not the result of an increase in non- 
urgent reasons for admission such as stabilisation 
or investigation. 

Although routine data do not now describe any 
other aspect of admission criteria, such data are 
required if theories about admission trends which 
invoke changes in admission criteria are to be tested. 
‘One’ such. theory is that the publicity surrounding 
the. increase in asthma deaths among young people 
in: the mid-1960s has resulted .in an increase in 
admissions for less severe asthma. This theory was 
tested by a case-note study at two London suburban 
hospitals; in. which an attempt. was made to measure 
the changes in.acute physical severity of asthma on 
admission using the temperature/pulse/respiration 
chart:and. the notes of the admitting doctor (Ander- 
son;.1976). Among immediate admissions aged 5-14 
years, 64 patients from 1959-63 and 86 patients from 
1973—74 were compared. The two groups did not 
differ in terms of pulse rate on admission, average 
pulse over the first 24 hours, pulse recovery rate, 
respiratory rate, or length. of wheezing before admis- 
sion. There was no adequate way of validating these 
criteria; however, if they do indicate acute physical 
severity, the results are. not consistent with the 
hypothesis that there is a trend oe admitting 
miider cases. 


x 
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Organisational factors 


The theoretical structure of the National Health 
Service referral system has not changed since 1948. 
Within the system, however, there appears to be 
considerable flexibility. and this may lead to variat- 
ions in the type of doctor responsible for making 
admission decisions. It is likely that these different 
doctors—general practitioners (GP), their locums, 
emergency “relief service doctors, paediatricians, 
allergy specialists, chest physicians, and casualty 
officers—will differ in their propensity to admit. 
Also; the patient, (family) may, by-pass the GP 
altogether and present directly. to casualty... 


"The source of referral of immediate admissions in 
children aged 5-14 years to 3 London hospitals 
is shown in Table 2. In 1973-74 the main source 
Of referral varied considerably, by hospital, between 
self-referrals, GP referrals, and outpatient referrals. 
In the 2 hospitals with high outpatient referral 
rates, most were from an ‘open’ paediatric clinic 
to which the GPs and occasionally the patient 
(family) could refer without appointment. At one 
suburban hospital there had been à major increase 
in self-referrals, from 8% in 1959-63 to 62% in 
1973-74. Although these examples may not be 
typical, they indicate that there are trends and 
variations in the way decisions concerning asthma 
admissions are being made. 

Admission rates may also reflect he Sapol of 
services and it has been shown, for example, that for 
all medical departments. regional admissions cor- 
relate well with available medical beds (Logan; 
et alk, 1972). Although there has been no change in 
the provision of paediatric beds over this time, their 
relative availability could have increased due to a 
decline in use for some other paediatric conditions. 
Even if this were the case, bed provision has probably 
not been important since regional analysis for 1971—73 
found no significant correlation between paediatric 
asthma admissions and available paediatric beds. 

‘On average, GP referrals of patients with asthma 
are quite uncommon (inpatient 3%, outpatient 4%; 
investigation 3% of patients consulting per year) 
(Office of Population Censuses and Surveys, 1974). 
The existence of an accessible and highly regarded 
service for asthmatics could easily promote a shift in 
GP referral rates. There are no routine data about the 
organisation of services for asthmatics or the out- 
patient activity of asthmatics. However, regional 
analysis shows that paediatric asthma admission 
rates for 1971—73 are positively correlated with total 
paediatric outpatient attendances for 1972 (r-—0- 6, 
df—13, P<0-01). This suggests that an increase in 
outpatient influence over asthmatics might increase 


Table 2 Sources of referral of immediate admissions 
for asthma (discharge diagnosis) from 1959 to 1963 (2 
hospitals) and from 1973 to 1974 (3 ppg) of boys and 
girls aged 5 to 14 years 





Se GP Self. Outpatients 
Hospital* Period referred referred —— referr Total 
A 1959-63 28 (90) 3 (10) 0 31 (100) 
1973—74 16 (36) 28 (62) 1- (2) 45 (100) 
B 1959-63 24 (67) 10 (28) 2 (60 -. 36 (100) 
1973~74 23 (54) 9 QD 11 (26) 43 (100) 
C 1973-74 4 (18) 9 (41) 9 (41) 22 (100) 





Percentage in: eses. ~ -> .- 


parenth 
.'* *A- &'B, North London suburban; " fane London ischias: 


asthma admissions. Although this is contrary to 
the theory and intention that increased outpatient 
attendance should reduce the need for inpatient 
care, it is more understandable if one considers the 
likely difference between GP and hospital doctor in 
their attitude to admission as an appropriate solu- 
tion to their patient’s needs. 

Although there have been important trends in the 
nature of general practice (DHSS, 1973), current 
theories are inadequate to relate these trends to 
the changes in asthma admissions. It is possible, 
for example, to explain a high referral rate as being 
either due to proper caution in the face of a cap- 
ricious condition with a reputation for unexpected 
death, or, alternatively, as due to the failure of 
primary care to control the asthma and take res- 
ponsibility for the patient. 


Therapy 


The role of admission in the accepted management 
of asthma may have changed over this time. As 
judged from a number of leading articles, an attitude 
of greater caution has been promoted (British 
Medical Journal, 1972a, b, 1975) and this may have 
increased admissions. Changes in drug treatment 
may also influence admission decisions. For example, 
previous or current use of steroids is likely to en- 
courage admission for subsequent episodes. Some 
treatments, such as oxygen, can in most cases be 
given only in hospital. 

Information concerning consumption of drugs 
for asthma both in and out of hospital is grossly 
inadequate. Data on GP prescriptions on the 
National Health Service show two broad therapeutic 
groups of relevance to asthma. From 1962 to 1975, 
prescriptions for ‘drugs relaxing bronchial spasm’ 
(Therapeutic code 18) have increased from 5 to 9 
million per year. Prescriptions for ‘preparations 
acting locally on the respiratory tract’ (Therapeutic 
code 20) have increased from nothing in 1967 to 
nearly 2 million in 1975. This latter category initially 
consisted of sodium cromoglycate, but since 1972-73 
has also included inhaled steroids. Information 
about trends in the prescription of particular drugs is 
not released by the DHSS. In any case the prescrip- 
tion analysis is limited by lack of information about 
diagnosis and age and it would be impossible, for 
example, to examine overall trends in use of steroids 
for asthma in various age groups. 

A number of qualitative changes in drug therapy 
have occurred since 1960, the main ones being 
(1) longer acting bronchodilators with fewer side 
effects; (2) introduction of preventive therapy using 
sodium cromoglycate; (3) a more ‘aggressive’ 
approach, particularly with respect to steroid 


Increase in hospitalisation for childhood asthma 299 


therapy; and (4) a trend towards inhalation as a 
mode of administration. The efficacy of newer 
drug therapies has generally been shown by trials. 
In children, however, the effect of these advances 
may have been relatively less because inhaled therapy 
is unsuitable for younger children and is subject to 
inefficient and inappropriate use (Paterson and 
Crompton, 1976). Despite this, it is fair to assume 
that children as well as adults have consumed 
increasing amounts of more efficacious drugs; all 
else remaining equal, this should have resulted in a 
reduction in admission rates. 


Illness behaviour 


Patients cannot admit themselves to hospital for 
asthma, or can do so only with standing permission 
(Crompton and Grant, 1975). Nevertheless, their 
own behaviour is important because they can present 
themselves to casualty departments or they can 
exert pressure on their GP-gatekeeper. The extent 
of this factor cannot be assessed, but evidence from 
the two general practice morbidity surveys (Logan 
and Cushion, 1958; OPCS, 1974) suggests that there 
is an increased use of GPs for conditions which were 
previously tolerated (Crombie, 1974). 


Morbidity 


Increased morbidity could be due to an increase 
in (1) persons with asthma, (2) frequency of episodes, 
and (3) severity of episodes (intensity and duration). 
These elements are affected differentially by various 
aetiological factors and therapy affects the latter 
two only. 

The only reported serial study of schoolchildren 
supports an increase in persons with asthma (Smith, 
1976). Among British-born Birmingham school- 
children rates for asthma and wheezing had increased 
from 1-8% in 1956/57 to 5-5% in 1968/69 to 6-37; 
in 1974/75. Examination of data on the use of GPs 
from 1955/56 (Logan and Cushion, 1958) and 
1970/71 (OPCS, 1974) shows that the annual rate 
for persons consulting with asthma has increased by 
6597 in boys and 47% in girls (Table 3). The scale 
of this trend has been underestimated because the 
1955/56 survey included asthma with mention of 
bronchitis, whereas the 1970/71 survey did not. 
Although there are several explanations for this 
trend, an increase in persons with asthma is one which 
cannot on present evidence be excluded. An increase 
in morbidity can also be caused by a decline in the 
quality or distribution of care. An even more 
uncomfortable thought is that current therapy, 
though effective in the short-term, could be having 
a harmful long-term effect. 
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Table 3 General Practice Morbidity Surveys 1955/56* 
and .1970/71+: utilisation rates for asthma in children 
aged 0-15 years 


r 











Patients consulting Consultations per 
per 1000 Patient consulting 
Survey year Boys Girls Boys Giris 
1955/56 12,3 6.4 3.9 5.3 
1970/71 20:3 9-4 2-6 2-7 
% change +65 +47 —33 —49 
*T ogan and Cushlon (1958). 
1O»CS (1973). 
Discussion 


Some of the factors which may have been respon- 
sible for the nearly threefold increase in children's 
admission rates for asthma have been described. The 
evidence suggests that changes in diagnostic coding 
and trends in diagnostic fashion are unlikely to be 
responsible. Although there may have been an 
increase in readmissions, it is likely that the main 
increase has been in the number of persons admitted. 
The reason for this increase cannot be ascertained 
from available data. Interpretation of trends in 
admission might be helped by improving the routine 
collection of data: important areas include record 
linkage, outpatient activity, source of referral, rea- 
sons for admission, standardisation of diagnosis 
(including a severity grading), and drug analysis 
by age and diagnosis. However, apart from the 
doubtful feasibility of such an exercise, its usefulness 
might still be limited by continuing gaps in infor- 
mazion and lack of explanatory theories. Trends in 
hospital admissions are however sufficient to draw 
attention to the fact that something important 
is occurring and it is hoped that they will stimulate 
hypotheses which can be tested by ad hoc studies. 

Priority must be given to investigating trends in the 
basic morbidity from asthma. One method would be 
to repeat some early children's respiratory surveys, 
as done in Birmingham (Smith, 1976). If a rise in 
morbidity were to be confirmed, two lines of study 
should be encouraged: (1) to extend aetiological 
research, particularly with respect to the effects of 
the changing environment, and (2) to examine the 
quality of care for asthma and the long-term effects 
of current management. If, on the other hand, the 
increase has been caused by a change in the criteria 
for admission, then these criteria should be debated 
and the advantages of admission balanced against 
the harm that hospitalisation may cause to a young 
child (Douglas, 1975). 

t 
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Combined test of anterior pituitary function in children 


D. C. L. SAVAGE, P. G. F. SWIFT, P. G. B. JOHNSTON, D. J. GOLDIE, AND D. MURPHY 
From the Royal Hospital for Sick Children, Southmead Hospital, and Bristol Royal Infirmary, Bristol 


SUMMARY A combined test of anterior pituitary function was used on 21 normal children. It 
shows that a comprehensive evaluation can be made of growth hormone, thyroid stimulating 
hormone, adrenocorticotrophic hormone, and gonadotrophin reserve. Simultaneous assessment 
of those peripheral glands associated with the anterior pituitary is possible by the measurement of 
thyroid hormones, cortisol, and gonadal steroids. The procedure can be completed in 4 hours with 


minimum inconvenience and distress to the child. 


The development of sensitive radioimmunoassay 
methods for the measurement of hormones, and the 
diagnostic use of hypothalamic hormones have 
greatly simplified the investigation of endocrine 
disorders. Recently it has become apparent that in 
the investigation of anterior pituitary function 
(Mortimer et al., 1973) many tests can be run in 
parallel. This report confirms the practicability of 
these methods in a group of 21 normal children. 


Material and methods 


Twenty-one boys were referred to the endocrine 
clinic because of short stature or delayed puberty. 
No other abnormality had been found. After an 
overnight fast, an intravenous normal saline in- 
fusion was given in a forearm vein. After basal 
blood samples had been taken, insulin 0-1 U/kg, 
luteinising hormone-releasing hormone (LH-RH) 
100 wg, and thyrotrophin-releasing hormone (TRH) 
200 ug were injected intravenously; each injection 
was given as a single bolus using separate syringes. 


Received 1 September 1977 


At 120 minutes L-dopa was given orally with the 
following dosage: weight — 14 kg, 125 mg; weight 
14-32 kg, 250 mg; weight — 32 kg, 500 mg (Table). 
Serum or plasma was separated and stored at 
—20°C until assayed. 

Serum growth hormone (GH) was measured by 
double-antibody immunoassay by the method of 
Hartog et al. (1964), expressed in mU/I of the 
WHO-IRP standard 66/217. Serum thyroid-stimu- 
lating hormone (TSH) was measured by double- 
antibody radioimmunoassay using reagents supplied 
by the National Pituitary Agency, USA, and the 
results were expressed in mU/l of MRC standard 
68/38. Serum luteinising hormone (LH) and follicle- 
stimulating hormone (FSH) were measured by 
double-antibody radioimmunoassay and expressed 
in U/l of LH standard MRC 68/40 and FSH 
standard MRC 69/104. Serum testosterone was 
measured by radioimmunoassay with an antibody 
raised against testosterone-lla-BSA. Serum thy- 
roxine and triiodothyronine were measured by the 
radioimmunoassay methods of Challand ef al. 
(1975). Plasma fluorogenic corticosteroids were 
measured by the method of Mattingly (1962) and 


Table Plasma levels of GH, cortisol, glucose, and thyroid-stimulating hormone (TSH) (mean and range) 


IV insulin, IV LHRH, IV TRH Oral L-dopa 
i i 

a E a ne aE aa 
Time (min) 0 15 30 60 90 120 160 180 200 220 240 
GH (mU/l) 2.4 11-3 14.5 13-7 10:9 14-3 14-7 14-3 9-7 7-0 

(2-27 -9) (2-50) (2-40) (2-33) (2-30) (2-67) (2-56) (2-48) (2-25) (2-25) 
Cortisol (nmol/l) 558 876 

(235-1230) (510-1390) 
Glucose (mmol/l) 4.2 1-87 3-97 

(3-6-5-7) (1-2-3-1) (3-3-8-9) 
TSH (mU/1) 2-12 7-9 8-7 5.7 2.9 

(1-8-3-5) (3-5-14-5) (4-19) (2-11) (2-6-5) 


Conversion : SI to traditional units—Cortisol : 1 nmol/l œ 0-036 jg/100 ml. Glucose: 1 mmol/l = 18 mg/100ml. 
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blood glucose by a modification (Pennock et al., 
1973) of the glucose oxidase method of Trinder 
(1969). 


Results 


Growth hormone. Intravenous insulin gave satis- 
factory hypoglycaemia, that is a decrease > 50% 
of the fasting blood glucose level, in 17 of the 21 
children. No child experienced more than mild 
drowsiness during this part of the procedure. 

In our laboratory a normal GH response consists 
of a peak level of at least 8 mU/1; this is in general 
agreement with most other investigators (Root et al., 
1967; Frasier, 1967; Kaplan et al., 1968; Joss, 
1975). After insulin-induced hypoglycaemia, 2 
children had an inadequate GH response. After 
L-dopa 5 of the 21 children had a peak GH 
response < 8 mU/I; 3 vomited the drug so 
that the test had to be terminated, and many of the 
children were nauseated. With these two sequential 
tests, in only 1 of 18 children (697) did the GH levels 
not reach 8 mU/I. The mean response and the range 
are shown in the Table. 


TSH and thyroid hormones. The basal levels of TSH 
were —3:5 mU/I. After TRH plasma TSH reached 
a peak at 30 minutes, declining towards basal levels 
at 120 minutes. There was a large variability in 
individual responses to TRH. The mean response and 
the range are shown in the Table. 

The mean basal thyroxine level was 117 nmol/l 
(9 ug/100 ml), range 91-136 nmol/l (7-10-6 u.g/100 
ml); and the mean basal triiodothyronine level 1-6 
nmol/l (1:04 ug/100 ml), range 1:5-1:8 nmol/l 
(0:38-1-17 ug/100 ml). In all but 3 children both 
thyroxine and triiodothyronine levels increased at 
2 hours after TRH; the mean increase in thyroxine 
concentration was 20-9 nmol/l (1:6 ug/100 ml) 
(17% rise), range 0-55 nmol/l (0-4-3 ug/100 ml); 
anc triiodothyronine 0:5 nmol/I (0-33 ug/100 ml) 
(31% rise), range 0-1-1 nmol/l (0-0-72 ug/100 ml). 


Gonadotrophins and gonadal steroids. After LH-RH, 
plasma LH reached a peak at 15-30 minutes (Fig. 1). 
Prepubertally there was a moderate rise in LH: the 
smellest increase above basal levels was 2-7 U/l and 
the greatest peak response 8:0 U/I. At puberty there 
was a marked increase in the LH surge after LH-RH, 
the minimum peak response being 10-2 U/I. 

The release of FSH after LH-RH was maximal at 
60 minutes. As a group, the pubertal boys had a 
greater response to LH-RH than the prepubertal 
boys, but in an individual test no clear distinction 
couid be made between a prepubertal or pubertal 
response (Fig. 2). 


Prepubertally there was no difference in the basal 
and 4-hour testosterone levels which were all 
<3 nmol/l (0-87 ng/ml). At puberty testosterone 
levels 4 hours after LH-RH were 2-12 nmol/l 
(0:58—3:46 ng/ml) higher than basal levels, and the 
percentage rise was greatest at mid- to late puberty. 
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Fig. 1 Effect of 100 ug LH-RH on serum LH in 
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Fig. 2 Effect of 100 ug LH-RH on serum FSH in 
prepubertal and pubertal boys: mean and range. 
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We found a similar pattern of response -with 
oestradiol levels in girls. 


Cortisol. The mean basal and 60-minute cortisol 
levels are given in the.Table. Those children with 
basal cortisol levels 7-700 nmol/l (25-4 ug/100 ml) 
did not show a rise after insulin-induced hypogly- 
camia. ' a 


Discussion 


In adults the advantage of a combined test to assess 
the reserve of anterior pituitary hormones has been 
clearly shown (Mortimer et al., 1973). There is only 
one similar account in children (Girard et al., 1975). 

Both reports show that the simultaneous adminis- 
tration of insulin and the hypothalamic releasing 
hormones, LH-RH and TRH, do not alter the 
hormonal response from that seen during a specific 
single test. 

Insulin-induced hypoglycaemia is the most reliable 
definitive test for GH release. However, it is im- 
portant to use two sequential. tests since any single 
stimulus may fail to induce growth hormone release 
in 10-15% of normal children (Kaplan et al., 1968; 
Frasier, 1974). We used r-dopa as the second 
stimulus for GH release (Boyd et al., 1970; Weldon 
et al., 1975), but the timing of the response was 
unpredictable and nausea and vomiting reduced the 


acceptability of the drug. For this reason we now’ 


use arginine (0:5 g/kg) infused over 30 minutes as 
the second stimulus. 


With these sequential tests only one child had GH 
peaks «8 mU/l: a boy of normal stature under 
investigation for delayed pubertal development, a 
time at which there is often a poor response to GH 
stimulation tests (Penny and Blizzard, 1972). In the 
investigation of GH reserve, the initial blood 
samples for GH should be taken immediately the 
intravenous infusion is set up, since the stress of the 
procedure often induces GH release with a'sub- 
sequent refractory period during the GH sane tion 
tests (Joss, 1975). 

‘Recently Maeda et al. (1976) showed that GH 
release is significantly inhibited after insulin-induced 
hypoglycaemia when 1000 ug TRH is infused before 
and during the test period. However, Besser has 
shown that a bolus of 200 ug TRH has no significant 
effec; on GH release when insulin and TRH are 
given simultaneously (Besser et al., 1971). Our results 
confirm this, since the mean GH level of 14 mU/I is 
similar to that we have found when insulin is used 
alone and is markedly different from those of GH- 
deficient subjects whose GH peaks have ranged 
from <2 to 4 mU/I. 


A TRH test is not often necessary since basal 
plasma thyroxine, triiodothyronine, and TSH levels 
give good information of thyroid status. However, 
for suspected hypothalamic or pituitary disease; the 
test is valuable and its combined administration 
with other releasing hormones or insulin“ has 
proved satisfactory. In adults the release of TSH 
following TRH is accompanied by a peak increase 
of serum triiodothyronine at 2-3 hours and serum 
thyroxine at 6-8 hours (Shenkman er al, 1972; 
Lawton ef al, 1973; Patel and Burger, 1973). 
Although our study confirms the proportionately 
greater rise of triiodothyronine compared with 
thyroxine at 2 hours; 3 children showed no rise above 
basal levels of either. We now measure both at 2 
and 4 hours respectively. These values in conjunction 
with the TSH response allow a full assessment of 
both the thyroid reserve and the integrity | of the 
pituitary-thyroid axis.’ 

As reported by others we found that at the onset 
of puberty there was a marked increase in LH 
release after LH-RH. This pattern is similar in both 
sexes (Job et äl., 1972; Roth et al, 1973). FSH 
release after LH-RH does not distinguish the pre- 
pubertal from the pubertal child, and the FSH 
response in girls i is generally greater than i in boys at 
all ages (Job'et al., 1972; Suwa et al., 1974; Franchi- 
mont et al., 1974). e 

An increase -in plasma oii after insulin. 
induced hypoglycaemia is a satisfactory reflection of 
the ability of the hypothalamic pituitary axis to 
release ACTH. When necessary, ACTH should be 
measured not only at 0 and 30 minutes but also at 
60, 90, and 120 minutes to detect the maximum 
levels reached after hypoglycaemia. 

We have not measured prolactin regularly sitice 
its assay is rarely required in paediatric practice. Its 
release follows insulin-induced hypoglycaemia 
(Frantz et al., 1972) and also. TRH stimulation 
(Friesen et al., 1972) so that basal samples and levels 
at 30. and 60 minutes give information of the 
hypothalamic-pituitary prolactin status. It has been 
shown that its measurement can be satisfactorily 
incorporated in a combined test of anterior pitunary 
function (Mortimer et al., 1973). 

- This ' combined test greatly simplifies the ` in- 
vestigation of endocrine disorders in children, 
allowing a full assessment of the hypothalamic- 
anterior pituitary axis and peripheral gland reserve 
(thyroid, adrenal, and gonads). It is, however, 
relatively expensive and time consuming and should 
not be used as a screening test for growth hormone 
deficiency but reserved for the child with suspected 
hypopituitarism. It is now our practice to admit 
these children overnight and to discharge them 
after completion of the test within 24 hours. 
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Gonadotrophin release in untreated congenital 
virilising adrenal hyperplasia 
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SUMMARY A 9-9-year-old boy and a 9-8-year-old girl with virilising congenital adrenal hyperplasia 
were subjected to an IV LH-RH (luteinising hormone-releasing hormone) test (50 ug/m*) before 
initiation of therapy with corticosteroids. The pattern of response of LH and follicle-stimulating 
hormone to LH-RH was found to correspond to the stage of their precocious sexual development 
and advanced bone age, but not to their chronological age. This finding has implications with 
regard to the mechanism controlling gonadotrophin secretion at puberty. 


The regulation of gonadotrophin secretion in un- 
treated patients with congenital adrenal hyperplasia 
(CAH) has been a matter of controversy. Stevens 
and Goldzieher (1968) measuring urinary gonado- 
trophins found raised luteinising hormone (LH) 
and follicle-stimulating hormone (FSH) in untreated 
subjects with CAH. Klingensmith et al. (1976), in 
contrast, found that the development of normal 
puberty is suppressed until initiation of therapy. 
Recently the clinical use of luteinising hormone- 
releasing hormone (LH-RH) has made possible a 
re-evaluation of this problem (Reiter et al., 1975; 
Wentz, et al, 1976). We report 2 children with 


virilising CAH of prepubertal age but with.advanced : 


pubertal signs in whom LH-RH tests were performed 
before initiation of therapy. 


Subjects and methods 


Case 1. A boy was referred at the age of 9-9 years 
because of sexual precocity. The parents are distant 
cousins and new immigrants from the USSR. 
Another sibling, raised as a boy, at the age of 25 years 
was found to be suffering from CAH and genetically 
to be a female. The patient had full sexual develop- 
ment, appearing to be a mature but short young 
man, pubertal sign P5 according to Tanner (1962). 
The clinical data are given in Table 1. 


Case 2. A girl was referred at the age of 9-8 years 
because of an enlarged clitoris known to be present 
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since birth. The parents are not related and her 
brother and sister are normally developed. A paternal 
aunt was reported to be very hirsute, and unmarried. 
Clinical examination showed a tall girl with pubertal 
signs corresponding to P2-3 (Tanner, 1962) (Table 1). 


In both patients laboratory investigation proved 
the diagnosis of CAH due to 21-hydroxylase de- 
ficiency of the nonsalt-losing type (Table 2). It 
is notable that in the boy (Case 1) the plasma 
testosterone was only partially suppressed by 
dexamethasone, indicating that most of the test- 
osterone was produced by his prematurely developed 
testicles. 

Plasma LH and FSH were measured by radio- 
immunoassay before and in response to IV admin- 
istration of LH-RH, 50 ug/m?, in a single bolus 
injection. The results were rated from PI (pre- 
pubertal) to P5 (fully mature) according to the 
standards obtained by Dickerman et al. (1976) for 
normal boys and girls. -Before referral and investi- 
gation neither of the patients had been treated. 


Table 1 Clinical data of 2 children with CAH 


Case BA Height Pubertal rating* 
no. Sex oe (years) (cm) —————9ÀX 
G/B PH 
1 Male 9-9 17 150 s 5 
(TV 15 ml) 
2 Female 9.8 11 147 





CA =chronological age; BA = bone age. 
* According to Tanner (1962): G/B—genital or breast; PH=pubic 
hair; TV «testicular volume. 
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Table 2 Laboratory findings in 2 children with CAH 





Case no. Urine Plasma + 
17 ketosteroids Pregnanetriol ACTH Progesterone Oestradiol Testosterone 
(mg]24h) (mg] 24h) (pg/ml {ng/ml (pg/ml) (ng/100 mf) 
Basal Dex Basai Dex Basal Dex Basal . Dex Basal Dex Basal Dex 
I 21-7 4.5 30.0 3.0 140 16 3.7 0-1 25 19 350 230 
2 9.0 2-0 7:1 : S93 . 300 45 13- 5 0-16 78 29 97 16 





Dez = Dexamethasone suppression, administration of dexamethasone orally, 1 mg (Case D, 0-5 mg (Case 2), every 6 hours for 3 days. 


Cosversion : Traditional units to SI-—17-ketosteroids: 1 mg/24 h 3-47 nmol/24 h. 


ol: 1 mg/24 h 2-97 umol/24 h. Progesterone: 


Pregnanetri 
I ng/ml «3-178 are Cesuadiols 1 pg/ml 3-671 pmol/l. Testosterone: I ng/100 ml aw 34-67 nmol/l. 


Table 3 Giiaeonhes response to IV LH-RH 50 — in 2 children with CAH 








A * Plasma LH (mIU[ml) i Plasma FSH (mIU}ml) 
© Minutes Minutes 
0. " 15 30 45 60 90 0 15 30 — 45 60 90 
1 1-5- 765 11:8 11:8 14.2 6:4 3.8 6-9 7:4 12-1 10-1 6-5 
2 t-2 47 5.9 4T 4-6 3.6 2-1 3.6 4.4 4-2 5 54 4-4 
Results (CAH) raises some questions as to their possible 


The basal plasma LH and FSH levels (Table 3) 
were higher in our 2 patients than in normal children 
of the same age: prepubertal male (mean +SD) 
LH 0-54+0-1, FSH 0-6+0-2; prepubertal female 
LH 0-43+0:12, FSH 0-6--0: 3 (Dickerman et al., 

1976). The peak response to LH-RH (Table 3) was 
also greater than that expected in children of pre- 
pubertal age, which in our clinic is: male LH 1-3+ 
0-17, FSH 1-540-5; female LH 3-03+0-34, FSH 
2.—.-0-9 (Dickerman et al, 1976). In the boy 
(Case 1) the response of LH and FSH corresponded 
to P5 (full maturity) and in the girl (Case 2) to P3, 
i.e. corresponding to their clinical pubertal stage and 
bone age (Table E but markedly advanced for their 
chronological age. - 


Discussion 


The increased secretion of adrenal androgens which 
starts in utero in. congenital adrenal hyperplasia 


Table 4 Correlation between pubertal ratings deter- 
mired according to the clinical signs and gonadotrophin 
secretion- 





influence on subsequent development, both clinical 
and psychological (Laron et al., 1974). How do.the 
sex hormones influence the normal function of the 
hypothalamo-pituitary-gonadal (H-P-G) axis, and 
how can the oversecretion of gonadotrophins be 
related to the basic overproduction of adrenal sex 
hormones? Reiter et al. (1975) showed that the 
regulation of the H-P-G axis was preserved ‘... both 
in the maturity-related LH release and in the sex 
dichotomy of the FSH release evoked by LH-RH'. 
Other reports, however, provide evidence that 
in patients with untreated or poorly controlled 
CAH, gonadotrophin secretion was. suppressed 
(Klingensmith et al., 1976; Wentz et al., 1976) and 
the H-P-G axis disrupted (Kirkland et al, 1974) 
by the raised adrenal sex hormones. It has also been 
reported that in patients treated ‘with. suboptimal 
doses of corticosteroids, treatment with optimal 
doses which adequately suppressed the abnormally 
raised sex hormones led to the onset of precocious 
puberty and menstruation (Penny et al., 1973; 
Klingensmith ef al., 1976). 

. Our studies in 2 patients of M UN age with 
untreated CAH show that the levels of both basal 
and readily-releasable pituitary LH and FSH are 
raised for their chronological age, corresponding to 


CORN, US m Dd Pubertal rating the respective stage of sexual precocity and advanced 
Ls uae - -  Clinical* -Laboratoryt bone age. These findings are similar to those reported 
E D Ie Et by Stevens and Goldzieher (1968), who measured 

urinary gonadotrophins, and in contrast to the 

i l 29 17 : ; 1 usual finding of delayed normal pubertal process 


*Tanner (1962). {Dickerman et al. (1976). 


found in children with CAH (Klingensmith ef al., 
1976). 
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The relative hypersecretion of gonadotrophins 
in untreated CAH could be explained either by an 
overlap mechanism induced by the hypersecretion 
of ACTH, similar to that encountered in primary 
hypothyroidism and precocious puberty (Laron 
et al., 1970), or by a direct effect of the sex hormones 
on the hypothalamus or pituitary. Reiter et al. (1975) 
raised the possibility that chronologically raised 
levels of adrenal sex hormones induce precocious 
maturation of the hypothalamus by lowering its 
sensitivity to the negative feedback of the sex steroids. 
This suggestion is reinforced by the acceleration 
of central precocious puberty observed after initia- 
tion of corticosteroid therapy in young children with 
CAH and advanced bone age (Penny et al., 1973; 
Reiter et al., 1975). 


We thank the late Dr J. Mulder of Ferring AB, 
Malmo, Sweden, for the supply of LH-RH. 
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Neonatal hypocalcaemia associated with maternal 


hyperparathyroidism 


New pathogenetic observations 
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SUMMARY A 32-day-old male infant had hypocalcaemic convulsions associated with asymptomatic 
maternal hyperparathyroidism. Very low total and ionised serum calcium, increased serum phosphate, 
and normal serum parathyroid hormone (PTH) and 25-hydroxycholecalciferol (25-OHD,) con- 
centrations were found at admission. Áfter treatment with calcium and vitamin D, serum PTH and . 
25-OHD, concentrations increased markedly before serum calcium levels returned to normal, 
perhaps indicating an inability to convert 25-OHD, to the metabolically active 1,25-dihydroxy- 
vitamin Ds during the hyperphosphataemic state. Treatment with 1,25-dihdroxyvitamin D, or its 


analogues is recommended. 


Much interest has recently been focused on neonatal 
calcium, parathyroid, and vitamin D metabolism 
(Root and Harrison, 1976). Neonatal hypocalcaemic 
convulsions secondary to maternal hyperparathy- 
roidism is a. rare, but well-known, entity first 
described by Friedrichsen (1938). The mechanism 
underlying this relationship is not completely under- 
stood. Intrauterine suppression of the fetal para- 
thyroids, caused by the hyperfunction of maternal 
parathyroid glands, has been suggested (Friderichsen, 
1938; Wagner et al., 1964; Hartenstein and Gardner, 
1966; Bocquentin et al., 1973), but direct measure- 
ment of the hormones involved has not been 
reported. We studied these problems in a newborn 
infant with hypocalcaemic convulsions in an 
attempt to elucidate the pathogenesis. 


Methods 


Serum concentrations of 25-hydroxycholecalciferol 
(25-OHD,) were determined by a competitive- 
protein-binding assay (Haddad and Chyu, 1971). 
Serum parathyroid hormone (PTH) concentrations 
were measured by a commercial double antibody 
radioimmunoassay using an antibody against the 
carboxy-terminal. PTH no. 71/324 from the Medical 
Research Council (England) was used as standard. 
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The coefficient of variation of the assay was 8-9 % for 
values found in our study. All other estimations were 
carried out by routine laboratory methods. The range 
of normal serum values shown in the Fig. is unfor- 
tunately from infants one week old, because only an 
insignificant number of sera from normal infants 
aged 4-10 weeks were available for determination of 
normal ranges. 


Case report 


A male infant was born at term (birthweight 2500 g) 
to a 26-year-old mother who had had one abortion 
and one preterm delivery 2 and 3 years before, 
respectively. Pregnancy and delivery were uneventful 
and the mother took no drugs. Both parents were 
Pakistani workers. When the mother's milk dis- 
appeared in the second week of life, the infant was 
given Allomin 14%, containing 360 mg calcium, 
380 mg phosphate, and 335 IU vitamin D per 1000 
calories. A vitamin D supplement of 600 IU per day 
was given from the third week of life. 

At 32 days of age he was admitted because of 
numerous convulsions during the previous 2 days. 


He weighed 3200 g, was hypertonic with hyper- - 


reflexia and a positive Chvostek's sign, and no 
laryngeal spasm. The total serum Ca was very low, 
1:44 mmol/l (5-76 mg/100 ml) (Fig.). Ionised serum 
Ca was low, serum concentrations of PTH and 
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25-OHD, were normal, serum phosphate concentra- 
tion was increased, whereas creatinine, glucose, 
magnesium, alkaline phosphatase, sodium, potas- 
sium, and acid-base status were normal. Distribution 
of amino acids in the urine was normal. Electro- 
encephalography, ophthalmological examinations, 
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Fig. Serum values of total and ionised calcium, 


phosphate, 25-hydroxycholecalciferol (25-OH D 4), and 
parathyroid hormone from the time of admission of the 
hypocalcaemic infant and during treatment. 
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and x-rays of the heart and skeleton were all normal; 
electrocardiogram showed prolonged Q-T interval. 

Initially intravenous calcium laevulate was given. 
Oral treatment with vitamin D and increasing doses 
of Ca were started (Fig.). Human milk was used 
during the first week. Later Allomin 14% was given. 
After the initial increase in total serum Ca concen- 
tration it again fell. Doubling the vitamin D dosage 
induced a rise again and after 5 weeks normal 
levels of total and ionised serum Ca were reached 
(Fig.). Serum P decreased gradually. A Ca balance 
performed after 3 weeks of treatment showed a 
calcium retention of 338 mg/day (8:45 mmol). 

Serum PTH increased during the first week of the 
study and remained slightly raised until total and 
ionised serum Ca became normal. Serum 25-OHD, 
increased during treatment to very high levels and 
decreased as serum Ca rose and serum P fell. Ca 
supplement was stopped when Ca reached normal 
levels, but vitamin D supplement was continued. 
The infant was followed for 12 months. Serum Ca, 
P, alkaline phosphatase, PTH, and 25-OHD, 
remained normal. 


Examinations of the parents 


Both parents were well on clinical examination. 
The laboratory values are given in the Table. Both 
parents had low serum values of 25-OHD, The 
mother had increased total and ionised serum Ca, 
low serum P, and increased serum PTH concentra- 
tions, indicating primary hyperparathyroidism. At 
operation a left parathyroid adenoma (5:6 g) was 
removed. Since then serum Ca and PTH concentra- 
tions have been normal. 


Discussion 


Early neonatal hypocalcaemia appears within the 
first 3 days of life and is usually seen in preterm 


Table. Serum concentrations of total and ionised 
calcium, phosphate, parathyroid hormone (PTH), and 
25-hydroxycholecalciferol (25-OH D ,) in the parents 





Serum Mother Father Normal range 
concentrations 
Total Ca 

(mmol/l) 2-78 2-33 2-20-2-70 
Ionised Ca 

(mmol/l) 1-52 — l -10-1 -20 
Phosphate 

(mmol/l) 0-45 0-99 0-80-1-50 
PTH 

(ug/l) 6-90 0-35 0-22-0-50 
25-OHD; 

(ng/ml) 6-80 7-20 12-1-33-3 


Conversion: SI to traditional units— 
Ca: 1 mmol/l « 4 mg/100 ml. P: 1 mmol/l œ 3-09 mg/100 ml. 
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infants or after complications in pregnancy and 
delivery (Rósli and Fanconi, 1973; David and Anast, 
1974; Root and Harrison, 1976). Neonatal hypo- 
calcaemia is explained by a transient suppression of 
parathyroid function (Tsang et al., 1973; David and 
Anast, 1974) as well as a decreased 25-hydroxylation 
of vitamin D (Hillman and Haddad, 1975). Delayed 
neonatal hypocalcaemia usually occurs towards the 
end of the first or during the second week of life 
(Rósli and Fanconi, 1973; Root and Harrison, 1976) 
and is associated with ingestion of cows’ milk or 
formula with a high content of phosphate. 

In infants in whom hypocalcaemia occurs more 
than 3 weeks after birth, alternative causes must be 
sought (Root and Harrison, 1976). In hypocalcaemia 
due to maternal hyperparathyroidism the convul- 
sions stop within the first 3 weeks of life, indicating 
that the suppressed. parathyroid function is gradually 
restored in the infant. In a survey of the literature 
Wagner et al. (1964) found 11 reported cases of 
tetany among 25 infants of hyperparathyroid 
mothers. 9 infants had developed tetany within the 
first 3 weeks of life and they were all on a formula 
diet. However, in the first reported case of tetany in 
a child of a hyperparathyroid mother (Friderichsen, 
1938) symptoms occurred in the fifth month of life 
during weaning. In our case hypocalcaemic con- 
vulsions occurred 30 days after birth while on a 
formula diet. 

The case is very unusual because several variables 
in the calcium  homoeostasis were measured. 
Asymptomatic hyperparathyroidism was diagnosed 
in the mother. The high serum phosphate might 
have indicated parathyroid gland insufficiency, 
but the serum PTH concentration was normal at the 
time of admission, increasing to hyperparathyroid 
levels during the following 2-3 weeks. A decreased 
serum PTH concentration during the initially hypo- 
calcaemic state, followed by a gradual rise, was to 
be expected. Our findings therefore agree, to some 
extent, with the previous hypothesis of fetal and 
neonatal suppression of the parathyroid gland 
caused by the hyperparathyroid state of the mother 
(Friderichsen, 1938; Wagner et al., 1964; Harten- 
stein and Gardner, 1966; Bocquentin et al., 1973). 
We suggest that the convulsions first appeared when 
the hyperphosphataemia and hypocalcaemia were 
further aggravated by administration of formula 
(with a high P content). 

The low serum concentrations of 25-OHD, in 
the parents agree with findings in Asians (Dent and 
Gupta, 1975; Pietrek et al., 1976) and suggest a 
smali maternal vitamin D store and an insufficient 
placental transfer of 25-OHD, during the gestational 
period (Hillman and Haddad, 1974). The normal 
serum concentration of 25-OHD, in the mother on 


admission was probably due to vitamin D supple- 
mentation at home. During the following weeks, 
however, serum 25-OHD, concentrations increased 
to unusually high levels considering the moderate 
doses of vitamin D given (Hillman and Haddad, 
1975), but the hypocalcaemic state of the infant 
remained. This might indicate a decreased turnover 
of 25-OHD, to the physiologically active metabolite 
1,25-dihydroxyvitamin D, possibly due to the high 
serum and renal cortical phosphate concentration 
(Tanaka and DeLuca, 1973), although the serum 
PTH (Fraser and Kodieck, 1973) and the low serum 
calcium (Larkins ef al., 1973) should stimulate 
hydroxylation. The subsequent fall in serum phos- 
phate and the raised serum PTH abolished this 
blockade and for this reason the marked fall in 
serum 25-OHD, was accompanied by a rise in serum 
calcium. These results seem to be in agreement with 
findings in infantile rickets (Arnaud ef al., 1976). - 
The appropriate treatment for this type of neonatal 
hypocalcaemia seems to be ‘substitution’ with 1,25- 
dihydroxyvitamin D,. This treatment has recently 
been recommended in other types of neonatal 
hypocalcaemia (Kooh et al., 1976) and in different 
states of hypoparathyroidism (Kind et al., 1975). 
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Normocalcaemic pseudohypoparathyroidism 
with unusual phenotype 


J. M. GERTNER, S. TOMLINSON*, AND J. GONZALEZ-MACIAS}+ 


From the Department of Human Metabolism, University College Hospital Medical School, London, and 
Department of Medicine, Middlesex Hospital, London 


SUMMARY We describe a boy who presented at 4 years of age with radiological hyperparathyroidism, 
osteosclerosis, and necrosis of the femoral heads. Plasma biochemistry was normal but the para- 
thyroid hormone (PTH) level was very high. He was deaf and had an unusual facies but did not 


have the phenotype of Albright’s hereditary osteodystrophy. Plasma and urine cyclic AMP responses 
to bovine PTH were markedly subnormal. Vitamin D produced sustained hypercalcaemia and a 
fall in plasma phosphorus. After four hyperplastic parathyroid glands were removed he became 
hypocalcaemic and plasma phosphorus rose. After Operation he remained unresponsive to exo- 


genous PTH. We suggest that he had a form of 


pseudohypoparathyroidism without the phenotype 


of Albright’s hereditary osteodystrophy and with some residual skeletal and renal responsiveness 


to PTH. 


Hypoparathyroidism and states of resistance to 
parathyroid hormone (PTH) are among the causes 
of persistent hypocalcaemia in childhood. Most 
such patients have the round facies, short Stature, 
and short metacarpals which constitute the phenotype 
of Albright’s hereditary osteodystrophy. A few have 
a normal somatotype or even unusual tallness, as in 
the patient described by Costello and Dent (1963). 
Some patients with Albright’s hereditary osteo- 
dystrophy and many of those with normal or tall 
body builds have radiological hyperparathyroidism. 
A classification of these unusual and complicated 
disorders has been given by Nusynowitz et al. (1976). 
We describe a boy with an unusual phenotype 
who showed many features of resistance to PTH 
and yet remained normocalcaemic for some years 
and who presented with the bony consequences of 
prclonged exposure to high levels of PTH. 


Case report 


A boy weighing 2:8 kg at birth, and with no sig- 
nificant family history, presented with failure to 
thrive and hypocalcaemia at age 10 weeks. The 
biochemical abnormalities persisted for a few months. 
Thereafter he was well apart from a profound 
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sensorineural deafness diagnosed at the age of one 
year. At 43 years he was referred to the late Professor 
C. E. Dent because of osteosclerosis. 

On examination he was of normal intelligence and 
stature. He was deaf and had an unusual round face 
(Fig. 1) with some proptosis. Plasma calcium was 
2:25 mmol/l (9 mg/100 ml), magnesium 0-71 
mmol/l (1:7 mg/100 ml), phosphorus 1-46 mmol/l 
(4:5 mg/100 ml), and alkaline phosphatase 24 KA 
units. Plasma urea and electrolytes were normal and 
haemoglobin was 11-2 g/dl. Plasma 25-hydroxyvita- 
min D (25-OHD) was 23 nmol/l (9 ng/ml) (normal 





Fig. 1 Facial appearance of patient. 
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20-90; 8-36 ng/ml) and serum immunoreactive PTH 
was 7:0 ng/ml (normal up to 0:4 ng/ml at UCH). 
A 24-hour urine contained 0:075 mmol (3 mg/24 h) 
calcium, 5-1 mmol (0-16 mg/24 h) phosphorus, and 
0-74 mmol (97 mg/24 h) total hydroxyproline. Faecal 
fat excretion was normal. Skeletal x-rays showed 
generalised osteosclerosis (Fig. 2) and erosions at the 
wrist, slight distortion of the right femoral head, and 
metacarpals of normal length. 

Response to injected bovine PTH (bPTH) is 
described below (Table and Fig. 4). Because of 
progression of the lesion in the right femoral head 
and the similar appearance on the left we felt obliged 





Fig. 2 


X-ray of legs in patient, showing generalised 
increase in bone density. 


Table Urinary response to intravenous bovine PTH 
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to attempt to reduce the output of the parathyroid 
glands. He was first treated with vitamin D (2 mg/day 
for 5 days and 1 mg/day for another 5 days) in an 
attempt to suppress the parathyroids. This gave rise 
to sustained hypercalcaemia while plasma phos- 
phorus fell. At this stage a second bPTH injection 
was given (see Table). 

As medical suppression of the parathyroids had 
failed, a total parathyroidectomy (Mr G. Bunton) 
was carried out in April 1975. Four glands, all 
showing clear cell hyperplasia, were removed. 
After operation he developed severe hypocalcaemia 
and plasma phosphorus rose, persisting after 
plasma calcium was normalised with dihydrotachy- 
sterol. Alkaline phosphatase fell from 24-33 KA 
units preoperatively to 10-12 KA units after 
operation. Parathyroidectomy did not halt the 
progression of his hip disease and orthopaedic 
surgery for Perthe’s disease was later carried out by 
Mr M. H. M. Harrison. Intravenous injections of 
bPTH (200 MRC units batch No 72/786 and 94% 
pure) were given on three occasions. Urinary cyclic 
AMP (cAMP) and phosphate excretion were 
measured each time while changes in plasma cAMP 
were monitored after the first and third injections. 
The methods used were as described by Tomlinson 
et al. (1974). The first injection (28.3.1974) was given 
before any treatment had been started; the second 
(11.1.1975) was given one month after he had 
received vitamin D and while he was still hyper- 
calcaemic; and the third (8.5.1975) was given 3 
weeks after total parathyroidectomy. 


Results 


Changes in plasma calcium and phosphorus over 
the period of vitamin D treatment and parathyroid- 
ectomy are shown in Fig. 3. Plasma cyclic AMP 
(cAMP) levels after intravenous injections of bPTH 
are shown in Fig. 4, which also shows the response 
to be expected in normal adults as no data are 
available for young children. Plasma cAMP response 
was markedly subnormal on both occasions. 
Changes in urinary cAMP and phosphate ex- 
cretion after the three injections of bPTH are given 
in the Table. The expected normal responses in 


a 


Serum iPTH 
(pg/ml) 


Plasma Ca 
Injection date (mmol/l) 





28 Mar. 1974 2-35 7000 1- 
11 Jan. 1975 2-98 3200 0- 
8 May 1975 2-35 Undetectable 0- 
Normal 2-23-2.53 0-400 20-200 fold rise 


cAMP excretion 
baseline maximal 


1 1-6 (mmol/mmol creatinine) . 
9 2-1 (mmol/min) 
51 1-54 (mmol/mmol creatinine) 


Phosphorus excretion 
baseline maximal 


5.6 (mmol/mmol creatinine) 
1-3 (mmol/min) 

0-5 (mmol/mmol creatinine) 
Variable 


2.9 
0-25 
0-1 


CÓ ——————M—————Ó————— M —— 


Conversion: SI to traditional units Ca: 1 mmol/l ~ 4 mg/100 ml). 
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Fig. 3 Changes in plasma biochemistry before and after total parathyroidectomy. Conversion: SI to traditional 
units—P: I mmol|1*«43 mg/100 ml. 25-OHD: 1 nmol[1950.4 ng/ml. DHT«-dihydrotachysterol. 


CAMP excretion are also given. No figures for normal 
phosphaturic responses are quoted as zhese may be 
extremely variable. 


Discussion 


In 1942, Albright:et al. described pseudohypopara- 
thyroidism in patients who were hypocalcaemic, who 
had the phenotype .of Albright’s hereditary osteo- 
dystrophy, and who were resistant to PTH. Since 
then other patients with biochemical features of 
hypoparathyroidism and resistance to PTH have 
been reported (Costello and Dent 1963; Cohen and 
Vince, 1969; Frame and Parfitt, 1973). Many of these 
patients have a completely normal phenotype. 

Our patient is of interest from several points of 
view. Firstly, the unusual facies and sensorineural 
deafness are anomalies not hitherto associated with 
resistance to PTH. Secondly, the finding of radio- 
logical osteosclerosis distinguishes him from other 
children with resistance to PTH, although hyper- 
parathyroidism with a high plasma phosphate is 


often stated to be the cause of osteosclerosis in 
uraemia. Thirdly, his ability to maintain a normal 
plasma calcium until parathyroidectomy, and the 
development of hypocalcaemia 6 days after oper- 
ation show that.resistance to PTH, at least at the 
skeletal level, was far from complete. On the other 
hand the normocalcaemia in the face of very high 
levels of serum immunoreactive PTH and in the 
presence of hyperparathyroid skeletal changes 
indicates some degree of resistance to the calcium- 
raising action of the hormone. 

Lastly, the responses to vitamin D and later to 
parathyroidectomy require explanation. Treatment 
with nontoxic quantities of vitamin D produced 
hypercalcaemia. Plasma calcium remained high for 
4 months until parathyroidectomy, despite the fact 
that his 25-OHD levels had returned to normal 
within one month of a 10-day course of vitamin D. 
At the same time vitamin D treatment lead to a 
sustained fall in plasma phosphate presumably by 
restoring some degree ‘of renal tubular sensitivity to 
endogenous PTH. 
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Fig. 4 Plasma cyclic AMP response to two intravenous 
bovine PTH injections. 


Restoration of the calcium-raising and phosphaturic 
capabilities of PTH by vitamin D treatment in 
pseudohypoparathyroidism has been described 
(Stogmann and Fischer, 1975). This was regarded as 
evidence that the disease was due to occupation of 
receptor sites by an abnormal form of PTH. In our 
case the abnormal cAMP response to injected PTH 
persisted even after total parathyroidectomy. We 
suggest that this observation shows that the primary 
cause of PTH resistance lies at a renal tubular level 
rather than in an abnormality of PTH. 

The patient’s tubular unresponsiveness to PTH 
may have been exacerbated by a deficiency of 1:25 
dihydroxyvitamin D (1:25 diOHD), shown in 
pseudohypoparathyroidism by Drezner et al. (1976). 
The administration of vitamin D and the consequent 
fall in plasma phosphorus could have led to a new 
equilibrium with higher levels of 1:25 diOHD and 
less resistance to PTH (Fig. 5). 

Although our patient resembles patients classified 
by Nusynowitz et al. (1976) as ‘hypohyperparathy- 
roidism, renal resistance, and skeletal responsiveness 
to PTH with normal somatic features’, he differs in 
some important respects. His case supports the view 
that there are many separate disease states which 
share a degree of resistance to PTH. 


STIMULATION 


25 OHD REDUCTION IN 


PLASMA PHOSPHORUS 


PHOSPHATURIA 


j STIMULATION A 
1:25 di OHD PTH 


Fig. 5 Suggested inter-relationship of plasma and 
urinary phosphorus, sensitivity to PTH, and activation of 
vitamin D in patient. 1:25 diOH D — 1:25 dihydroxy- 
vitamin D. 


We are grateful to Dr Jean Clark of Birmingham 
Children's Hospital for referring the patient and 
granting permission to publish his case; to the late 
Professor C. E. Dent, Dr J. L. H. O’Riordan, and 
Dr D. B. Brenton for encouragement and advice; 
and to the nursing and biochemical staff of Ward 1/1 
at UCH. S.T. was in receipt of an MRC Clinical 
Research Fellowship. 
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Haemophilus influenzae type b pneumonia 


ELLEN R. WALD AND MYRON M. LEVINE 


From the Department of Pediatrics and Division of Infectious Diseases, University of Maryland Hospital 


and School of Medicine, Baltimore 


SUMMARY Thirteen patients with Haemophilus influenzae type b pneumonia are reported to 
emphasise the clinical, radiographic, and therapeutic aspects of this illness. All but one patient was 
under 2$ years of age. The presenting complaint was a variable duration of upper respiratory 
infection and fever in most cases. One-third of patients had radiographic evidence of pleural involve- 
ment; one-third showed a patchy bronchopneumonia on roentgenogram; and the remainder had 
segmental or lobar infiltrates. Clinical response to antibiotic therapy was prompt in patients without 


pleural involvement. 


The relative importance of Haemophilus influenzae 
type b as a pulmonary pathogen in the antibiotic era 
is unknown. Since 1955, reports have stressed the 
rarity of primary H. influenzae type b pneumonia 
with or without empyema (Nyhan et al., 1955; 
Riley and Bracken, 1965; Vinik et al., 1966: Honig 
et al., 1973; Faden and Overall, 1976). However, 
recent paediatric textbooks (Smith, 1972; McCracken 
and Eichenwald, 1975) note that pneumonia and 
empyema due to H. influenzae type b may be clinically 
and radiographically indistinguishable from pneu- 
mococcal pneumonia. Furthermore, the apparent 
therapeutic responses of patients with pneumonia to 
penicillin may not distinguish between these two 
aetiological agents (Honig ef al., 1973). Our recent 
experience with 13 patients is presented to emphasise 
the clinical, radiographic, and therapeutic aspects of 
H. influenzae type b pneumonia. 


Case reports 


The case histories of the 13 patients (8 boys, 5 girls) 
with H. influenzae type b pneumonia are summarised 
in the Table. They all presented during a 4-year 
period, 1972-1976. Diagnosis was based on the 
recovery of H. influenzae type b from the culture of 
blood or pleural fluid in a patient with pulmonary 
infiltrates on roentgenogram. These patients were not 
evaluated for simultaneous viral infection by either 
cultures or serology. None of the patients had any 
other focus of infection. 12 of the 13 patients were 
under 23 years of age. The white blood cell count was 
12:0 x 10°/I for all, but the differential counts 
were variable. The presenting complaints varied 
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from a preceding upper respiratory infection of 1 day 
to 3 weeks' duration in 12 patients, to acute onset of 
fever and right-sided chest pain in 1. 

Four patients had radiographic evidence of 
pleural involvement; diagnostic thoracentesis per- 
formed in 3 showed empyema in each. Closed 
thoracotomy drainage was necessary in only one 
patient (Case 3) because of reaccumulation of fluid 
and continued fever. 2 patients (Cases 1, 3) did not 
become afebrile until after 2 weeks and were 
discharged with persistent pleural reaction. Sub- 
sequently, both have had complete resolution of the 
pleural reaction by radiological examination. One 
patient (Case 4) had only a small right-sided effusion 
that did not require drainage; both he and Case 2 
responded promptly to antibiotic therapy. Roent- 
genograms in the 9 patients without pleural effusion 
included patchy bronchopneumonia in 4 and seg- 
mental or lobar involvement in the others. 

Four patients were treated with intramuscular 
procaine penicillin G; each responded promptly to 
therapy. Case 8 responded to penicillin G, 100 000 
U/kg intravenously. Case 3 was begun on intra- 
venous methicillin and became afebrile within 24 
hours of therapy. Cases 5 and 12 responded promptly 
to intravenous ampicillin. Case 11 was treated with 
erythromycin and sulphafurazole because of alleged 
penicillin allergy. In the remainder, treatment was 
initiated with intravenous ampicillin and methicillin 
because of pleural effusion. 


Discussion 
H. influenzae tybe b may cause fulminating pneu- 


monia or be responsible for a more indolent presen- 
tation. Radiographically, lobar distribution is more 
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Table Clinical details of 13 patients with H. influenzae type b pneumonia 


Case no. Age Sex History Temp. on WBC (diff) X-ray Isolation of H. influenzae b 
(yr) (m) admission (x 1099/1) ——— t€ 
CC) ; Blood Pleural fluid 
l 1 4 E URI 3 d 40-3 12.6; 72P, 2B RLL pneumonia + 4 
17L, 9M R effusion 
2 1 URI I w 38.9 21:7; 69P, 16B LLL pneumonia + Gram (—) 
I4L, 14M L effusion coccobacilli 
soen on smear 
3 2 6 F Fever and URI 4 d 39.7 29.9: 34P, 36B RLL pneumonia — of 
10 Met, 1E R effusion 
13L, 6M. 
4 4M Fever and URI 10 d 38.6 17-8; 41P, 2B RLL pneumonia + Not done 
39L, 10M R effusion 
5 2 M URI 7d 38-3 23-0; SIP, 30B RLL, LLL 4- : 
: 9L, 10M. (broncho-pneumonia) 
6 ll F URI 3d 38-9 13-2; 56P, HAL RUL, RLL + 
(broncho-pneumonia) 
7 7 M URI1w 38-6 25 a 26L LUL pneumonia + 
5 
8 15 M Sudden onset chest pain 38-6 12-1; 85P, 3B RUL pneumonia + 
‘OL, 3M 
9 8 F Fever and URI id 38.9 16.6; 26P, SB RUL (broncho- -+ 
64L, 8M ' pneumonia) 
10 6 M Fever and URI 6d 40-3 EUM: RUL pneumonia -+ 
11 1 8 M Fever and URI 3 d 38-3 D 8M RUL pneumonia + 
14 
12 6 M URI 3 w 40-0 19.7; 61P, 17B LUL pneumonia + 
I2L, 10M 
13 2 F Fever and URI9 d 39.7 Not done LLL (broncho- + 
pneumonia) 


URI = upper respiratory infection; P = polymorphonuclear leucocytes; B = band forms; Met = metamyelocytes; L = lymphocytes; 


M ~ manocytes. 


common than bronchopneumonia in infants and 
children. ‘Classical’ pneumococcal disease with fever, 
chest pain, rigor, and lobar distribution is less 
common in infancy than indolent disease with non- 
specific upper respiratory complaints and patchy 
bronchopneumonia on radiography. Therefore, the 
specific bacteriological pathogen responsible for 
pneumonia cannot be predicted on the basis of 
clinical or radiographic presentation. In addition, 
pneumonia due to H. influenzae type b has responded 
to intramuscular penicillin G (Nyhan et al., 1955). 
This may be explained by data which indicate that 
the minimal inhibitory concentration of penicillm 
for H. influenzae tybe b is approximately one 
dilution higher than that of ampicillin (McLinn et 
al, 1970; Sabath et al, 1970). Becausé of their 
apparent brisk therapeutic response to penicillin or 
methicillin, 5 of these 13 patients may not have been 
recognised as having H. influenzae type b pneumonia 
without the routine use of blood cultures. 

There are therapeutic implications in the recogni- 
tion of H. influenzae type bas a cause of pneumonia. 
The recent documentation of ampicillin resistance in 
strains of H. influenzae type b has resulted in altered 
recommendations for the treatment of meningitis 
and other life-threatening illnesses caused by the 
organism (Katz, 1975). Failure of clinical response 


in pneumonia may indicate an ampicillin-resistant 
H. influenzae type b and a need to change antibiotic 
regimens. To document the possible bacterial 
aetiology of pneumonia an aggressive diagnostic 
approach to all pneumonias should include the 
routine use of cultures of blood and pleural fluid 
(when available). Lung aspirates may be necessary 
to diagnose the aetiological agent in those patients 
who do not have bacteraemia and respond poorly to 
conventional therapy. 


We thank Dr Merrill J. Snyder and Marvin Corn- 
blath for reviewing the manuscript andi Ms Linda 
Gilbert for secretarial assistance. 
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Value of serum ferritin estimation in sickle cell anaemia 
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SUMMARY In a group of 35 children with sickle cell anaemia serum ferritin concentration ranged 
from 70 to 2460 ug/l (mean 367, median 180 ug/l). This was significantly higher than the ferritin 
levels (range 8-101, mean 34, median 30 ug/I) in a group of 63 normal control children of the same 
age group. 30 (86%) of the sickle cell children showed serum ferritin. levels greater than 101 ug/l, 
and 2 (6%) levels greater than 1000 ug/l. 7 of the patients had not been transfused before this study. 
Their serum ferritin levels were all raised and showed a significant correlation with age but not with 
haemoglobin level. In the remainder of the patients the serum ferritin bore no significant corre-. 
lation with age, haemoglobin level, or number of units of blood transfused. 2 children with HbSC 
disease had levels within the control range. Since patients with sickle cell anaemia have an increasing 
chance of long survival, we suggest that serial estimations of their iron status be made by means of 


serum ferritin assay in order to determine which patients are accumulating excessive iron. 


Sickle cell disease is one of the commonest hereditary 
haemoglobinopathies. Because of better under- 
standing of the nature of haemoglobin S and the 
realisation that patients with sickle cell anaemia may 
lead relatively normal lives with Hb levels between 
7:0 and 9-0 g/dl, regular blood transfusions are no 
longer used in the management of these patients. 
However, blood transfusion may be necessary for 
complications such as an ‘aplastic’ or ‘sequestration’ 
crisis. 

Among the hazards of blood transfusion is 
accumulation of iron. Patients with haemolytic 
anaemia may also become iron loaded because of 
excess iron absorption. It may now be possible to 
reduce iron overload even in patients receiving 
regular blood transfusion by using continuous sub- 
cutaneous desferrioxamine (Propper ef al., 1976; 
Hussain ef al., 1976, 1977). We assessed the iron 
status of a group of children with sickle cell anaemia 
living in London by means of the serum ferritin 
assay in order to see how many of these patients 
accumulate excessive iron. 


Subjects and methods 

Thirty-seven children with sickle cell disease (35 
HbSS and 2 HbSC) attending the sickle cell clinic at 
King's College Hospital were studied (Table). One 
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or more transfusions had been given to 28 of those 
with sickle cell anaemia because of (a) unexplained 
low Hb interfering with normal activities (persistent 
Hb level <5-0-6-0g/dl), (b) major operation planned, 
(c) severe infection (e.g. pneumonia, meningitis, and 
septicaemia), (d) gross bone infarction, (e) aplastic 
and sequestration crises and severe haematuria. 
The 2 patients with HbSC disease had not been 
transfused. The total units of blood received by 
each patient were ascertained from hospital notes; 


. no accurate record of their transfusional state was 


known before referral. Blood for serum ferritin 
estimation was obtained from capillary samples 
collected at the time of routine Hb estimation. AII 
patients were regularly receiving oral folic acid 


Table Clinical and laboratory findings in the children 
with sickle cell disease and the control subjects 


Subjects n Age Sex Total no. Serum 
(years) (gidf} units af ferritin 
(range, (range, blood  (ug/f) 
mean) mean) received (range, 
(range, mean) 
mean) 
Sickle cell 37 1-15 19M $6. 0-17 70-2460 
disease G5 HbSS 12.3 
2HbSC) 9.5 18 F 7.9 4 367 
Control 63 1-15 31M 11-7- 0 9~101 
7-7(3 32F 14-7 "^ 84 
12-9 
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(5 mg/day) and oral penicillin (125 mg bd for those 
younger than 6 years, and 250 mg bd for those over 
5) 


At the same time 63 normal children, selected from 
a group referred to paediatric outpatient clinics at 
the Royal Free Hospital, were studied as controls 
(Table). They included children with bed-wetting, 
chronic abdominal pain, screaming attacks and those 
coming for routine developmental assessment and 
minor operations (circumcision, hernia repair etc.). 
Blood for serum ferritin was obtained from the 
residuum of blood taken for other investigations. 
None of the controls was known to have received 
iron or blood transfusion before the study and none 
was anaemic or had evidence of an inflammatory or 
tlood disease. The method used for serum ferritin 
estimation was that of Addison et al. (1972). 


Results 


Serum ferritin concentration in the group of 63 
control children ranged from 8-101 ug/l (mean 
34 ug/l, median 30 ug/l). In the 35 patients with 
sickle cell anaemia it ranged from 70 to 2460 ug/l 
(mean 367 ug/l, median 180 ug/l) (Fig.). This was 
significantly raised compared with the control group 
(P<0-001). In the 2 patients with HbSC disease, 
serum ferritin was 70 and 80 ug/l (within the control 
range). 30 (86%) of the patients with sickle cell 
anaemia had serum ferritin levels >101 ug/l, while 
2 (6%) had levels > 1000 ug/. 

Seven patients with sickle cell anaemia had not 
been transfused. Their serum ferritin levels ranged 
from 102 ug/1to 290 ug/l, and correlated significantly 
(r = 0-8, 0-05 P—0-02) with their age but not 
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Fig. Relationship between serum ferritin levels and age. 


with their Hb level. In the remaining patients with 
sickle cell anaemia there was no significant correla- 
tion between serum ferritin and age, Hb level, or the 
total number of units of blood transfused. Indeed, 2 
of the patients with raised serum ferritin levels were 
only one year old (Fig.). One of these infants had 
had only one unit of blood transfused while the other 
had had only two, even though serum ferritin levels . 
were 300 and 200 ug/l, respectively. 


Discussion 


This study shows that the mean serum ferritin levels 
of patients wich sickle cell anaemia are higher than 
in control children of the same age group, confirm- 
ing the results of two earlier studies. Siimes et al. 
(1974) found raised serum ferritin levels in 14 
children in San Francisco with sickle cell anaemia 
of similar age to those in our study, and the median 
value in our patients was similar to theirs. On the 
other hand, serum ferritin values in our study were 
lower than those found by Peterson et al. (1975) in a 
group of 27 patients in New York with sickle cell 
anaemia aged from 12 to 40. In contrast to that study, 
however, we found no significant correlation between 
serum ferritin concentration and number of units of 
blood transfused. 

Serum ferritin is now known to reflect mainly 
reticuloendothelial iron stores. Part of the rise in 
serum ferritin in sickle cell anaemia may be due to 
the presence of increased iron in the reticuloendo- 
thelial cells because of the excessive breakdown of 
Hb and subnormal circulating mass of Hb. This 
mechanism alone cannot explain the very high serum 
ferritin levels found in some of the patients. The most 
obvious source of the excess body iron is transfused 
blood. 

The lack of correlation between serum ferritin and 
the total number of units of blood transfused in our 
patients may be due to the fact that the transfusion 
record of some of the patients before referral was 
unknown. The difference in our results and those of 
Petersen et al. (1975) may be the difference in age 
and transfusion policy. Blood transfusion raises the 
red cell mass and simultaneously suppresses the 
formation of HbS. These are two desired effects, 
and routme use of blood for treating these patients 
has been widely accepted in the past. Better 
understanding of the nature of this disease showed 
that patients with sickle cell anaemia are well 
adapted to the low steady state Hb level and do 
not require routme blood transfusion (Serjeant, 
1974). This reduces the risk of iron overload 
from transfusion but continuous severe anaemia 
may predispose to excessive gastrointestinal absorp- 
tion of iron. The contribution of iron absorbed 


through the gastrointestinal tract to iron overload in 
thalassaemia major is well known (Erlandson et al., 
1962), although it can be alleviated by introduction 
of hypertransfusion regimens. In our patients, in 
contrast to those of Peterson et al. (1975), much of 
the iron overload may have come from absorbed 
rather than transfused iron. 

Patients with sickle cell anaemia have an increas- 
ing chance of surviving into late adulthood, if they 
survive the high risk period of childhood and early 
adult life (Serjeant, 1974). The severity of the 
disease appears to lessen with advancing age but 
occasional blood transfusion may still be required 
(Serjeant, 1974). Peterson et al. (1975) found that 
serum ferritin levels were higher than normal in 
patients with sickle cell anaemia even in those with 
absent marrow iron stores. They explained this 
phenomenon on the assumption that much of the 
iron storage pool may be sequestered in areas of 
previous infarction. Bone marrow aspiration may 
not clearly indicate iron status in these patients and 
has the additional disadvantage of being painful. It 
is still debatable whether patients with sickle cell 
anaemia and absent bone marrow iron will benefit 
from iron administration (Lincoln et al, 1973; 
Petersen et al., 1975). It has been suggested that the 
increase in Hb concentration after iron administra- 
tion to iron-deficient patients with sickle cell 
disease increases morbidity by increasing the 
number of vaso-occlusive episodes (Peterson et al., 
1975). Thus, the exact role of iron excess and defi- 
ciency in the morbidity and mortality of sickle cell 
disease is still not clear but we suggest that the serum 
ferritin assay is useful for serial measurements of 
iron status in patients with sickle cell anaemia in 
order to detect those most at risk from iron overload. 


During this study M.A.M.H. was in receipt of a 
scholarship from the Department of Paediatrics, 
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Clinical applications of serum theophylline 
measurement by high pressure liquid chromatography 
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SUMMARY Serum theophylline concentration was measured in children both during treatment of 
status asthmaticus with intravenous aminophylline, and as outpatients while they were taking oral 
theophylline compounds for long-term management of asthma. The clinical value of the measure- 
ments was assessed. Measurement using high-pressure liquid chromatography is simple and requires 
only a small volume of blood. Knowledge of serum theophylline concentration facilitates careful 
control of dosage of both intravenous aminophylline during treatment of status asthmaticus, and of 
oral theophylline in outpatients. It is useful in the evaluation of symptoms which may be due to toxic 
side effects of treatment. It also makes possible an assessment of patient compliance with prescribed 


treatment among those whose symptoms have not improved. 


Aminophylline has for many years been widely used 
for the treatment of status asthmaticus. Oral theo- 
phylline compounds have not, however, enjoyed 
the same popularity in the long-term treatment of 
asthma. Recent trials (Weinberger and Bronsky, 
1974; Hambleton et al, 1977) have shown that 
regular theophylline is an effective treatment for 
continuous perennial asthma in children and it has 
proved at least as effective as sodium cromoglycate. 
Serum theophylline levels of 10-20 ug/ml are 
considered to be necessary for maximum therapeutic 
effect (Turner-Warwick, 1957; Nicholson and Chick, 
1973; Mitenko and Ogilvie, 1973) and when the 
upper limit of this range is exceeded, toxic symptoms 
occur with increasing frequency (Zwillich et al., 
1975). 

Because the half-life of theophylline in serum can 
vary by up to sevenfold in different individuals 
(Ellis et al., 1976), measurement of serum theophyl- 
line is necessary to individualise treatment regimens. 
A method for rapid measurement on small blood 
samples would clearly be an advantage both in the 
outpatient management of asthmatic children and 
in the treatment of status asthmaticus when amino- 
phylline is used. We report our experience over 9 
months using a high-pressure liquid chromatograph 
to monitor serum theophylline concentration of 
asthmatic children attending this hospital. 


Received 14 September 1977 


Method 


50 ug of serum was mixed with 100 ul 1-0 M trich- 
loracetic acid to precipitate proteins, and after 
centrifugation 40 ul of the supernatant was injected 
into the chromatograph. The chromatographic 
system used was an ACS LC 750 modular liquid 
chromatograph (Applied Chromatography Systems 
Ltd., Luton, England). This consisted of a Specac 
30:100 constant volume injection valve (Spectro- 
scopic Accessory Company, Orpmgton, England), a 
precolumn of Co-Pell ODS 5 cm x 2:] mm 
(Whatman Ltd) and a main column of Partisil-10 
ODS 25 cm x 4:6 mm (Whatman Ltd). The mobile 
phase (6:5 v/v acetonitrile in 0-01 M sodium acetate 
pH 4:0) was pumped at 3:0 ml/min and the ultra- 
violet detector was set at an absorbance range of 
0-0:01 U. The precolumn was repacked after each 
100 samples and the main column showed no 
deterioration after 1000 samples. 

The theophylline peak appeared 6 minutes 40 
seconds after injection (Fig. la). The calibration 
was linear for theophylline concentration up to 
70 pg/ml. Thus only one standard (20 pg/ml theo- 
phylline) was used. This was run before every six 
samples. The precision of the method was assessed . 
by performing 22 replicate analyses on one specimen 
during one month. The estimates of theophylline 
concentrations showed a coefficient of variation of 
3:175 (mean 15-5 ug/ml. SD 0-49 pg/ml). 
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Minutes 


Normal components of serum did not interfere 
significantly with the theophylline measurements. 
Specimens from 21 normal subjects produced only 
small deflections, ranging from 0 to 1:1 ug/ml at 
the position of the theophylline peak (Fig. 15). 
Related compounds: caffeine, theobromine, dyphyl- 
line, xanthine, hypoxanthine, 3-methylxanthine, and 
uric acid caused no interference, nor did commonly 
used drugs such as paracetamol and phenobarbitone 
(Fig. 1c). However, sulphamethoxazole did produce 
a peak in the same position as that of theophylline 
(Fig. 1d). 


Patients and results 


Twenty-four children aged 33 to 14 years, who were 
admitted for treatment of status asthmaticus, were 
given intravenous aminophylline. 13 patients had 
not received theophylline before admission. The 
first 3 were treated with bolus doses of 4 mg/kg 
aminophylline followed by continuous infusions of 
0:7 mg/kg per hour. In view of the suboptimal 
serum theophylline concentration obtained when 
measured after 2 hours after treatment (Fig. 2) the 
bolus dose of aminophylline in subsequent patients 
was increased, first to 5 and then to 6 mg/kg, and 
the infusion to 0:9 mg/kg per hour. 


d 


Fig. 1 Chromatographs 
of (a) serum containing 
theophylline (T) at a 
concentration of 

20 ug/ml (or 20 mg/l); 
(b) normal serum; 

(c) serum containing 
theobromine (B), 
theophylline (T), and 
caffeine (C); (d) serum 
containing 
sulphamethoxazole (S). 
Recorder full scale 
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Fig.2 Serum theophylline concentration after 2 hours’ 
continuous treatment with intravenous aminophylline for 
patients who had received no theophylline before admission. 
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Ten patients had been receiving oral choline 
theophyllinate and one had received aminophylline 
intravenously during the 8 hours before admission. 
Serum theophylline in blood samples taken at the 
time of admission in these 11 patients ranged from 
<1 to 12 g/ml (Table 1). In 4 patients the result 
was available before treatment and a bolus dose of 
aminophylline, considered enough to produce a 
therapeutic level of serum theophylline was given. 
In 7 the results were not available, but with a know- 
ledge of the time and size of the last theophylline 
dose the appropriate dose of aminophylline was 
predicted. In Case 3 the serum theophylline on 
admission was underestimated, and in Cases 4, 6, 
and 11 it was overestimated. 

In 13 patients serum theophylline was measured 
after 12-48 hours of continuous infusion of amino- 
phylline at 0-7-0:9 mg/kg per hour. The mean 
serum theophylline concentration in these patients 
2 hours)after starting treatment was 10-6 ug/ml + 
2° 6 SDiand it had fallen to 8:5 + 3:3 SD by the 
second measurement. 

Fifty-seven asthmatic children (aged 6 months to 
15 years) with perennial symptoms were treated with 
choline theophyllinate. 15 children were aged 4 years 
or under. They were treated with either 8 mg/kg 
four times a day (qds) or 10 mg/kg three times a day 
(tds) initially, and serum theophylline (2 hours after 
dose) was within the therapeutic range in all but 4 
children. In 2 the concentrations were suboptimal,on 
8 mg/kg qds. In these, satisfactory concentrations 
were achieved when the dose was increased to 12 


withdrawn from 5 patients because the symptoms 
persisted (Table 2). In the remainder, the symptoms 
resolved without discontinuing the drug. 

In 16 children control of symptoms was unsatis- 
factory during the first month of treatment with 
choline theophyllinate. Measurements had shown 
that in all cases the prescribed dose was adequate 
when treatment was started. However, repeat 
measurements when they attended the clinic showed 
that only 5 of these children had serum theophylline 
concentrations > 10 ug/ml. 


Discussion 


High-pressure liquid chromatography has several 
advantages over the spectrophotometric method of 
Schack and Waxler (1949) in the measurement of 
theophylline. Only a small amount of serum or 
plasma (50 wl) is needed. The result can be obtained 
within 10 minutes and compounds such as caffeine 
and theobromine do not interfere. Thus there is no 
need to ban coffee, tea, or chocolate during periods 
when measurements are being made. The only 
compound which caused significant interference was 
sulphamethoxazole, observed when patients with 
infected eczema were treated with trimethoprim- 
sulphamethoxazole. The drug must be avoided if 
measurement of serum theophylline is made. 


Table 2 Serum theophylline concentrations in 5 children 
with persistent vomiting 


mg/kg qds. 2 patients had concentrations > 20 Dose Time since last dose Concentration 
ug/ml; one had received too large a dose in error and ("sike (A) (ug/ml) 

the other had had only 8 mg/kg. 8 2 16 

Fourteen children complained of nausea or Z : c 

vomiting although serum theophylline concentrations «4 5 2 3 
measured while they were symptomatic were never 9 24 13 

> .16 pg/ml and were < 5 pg/ml in 6 patients. i : s 
Despite these low levels, theophylline had to be  *samechild. 
Teble 1 Serum theophylline concentrations in relation to dose given 

. Theophylline* Time since "Admission Aminophylline Serum theophylline 
Case no. dose last dose serum theophylline bolus after treatment 
(mg/kg) (A) (ug/ml) (mg/kg) (g/ml) 

it 0-6/h Continuous 12 6 14 

2t 5.2 2 8 2.5 12 

3 4-6 3 11 4 14 

4 4-6 3.5 5 2 9 

5t 7.8 4 8 3.5 10 

6 5:5 4 3 4 8 

7 5.2 4 10 2.5 12 

8 5.5 4.5 1-7 4 6 

9 3.9 6 4 5 10 

10 5-5 6 3 5 10 

1i 4-6 8 1 4 8 


* Aminophylline contains 85% theophylline; choline theophyllinate contains 6577 theophylline. a 
tPatienta in whom serum theophylline concentration on SOHURDH was known at the time of treatment. 
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Theophylline has an apparent volume of distri- 
bution of approximately 450 ml/kg and a mean 
plasma clearance rate of 87 + 35 ml/h per kg 
(Mitenko and Ogilvie, 1973; Ellis et al., 1976). 
Thus, for patients in status asthmaticus who have 
not had theophylline, a bolus dose of 5:6 mg/kg 
aminophylline given over 5 minutes, followed by a 
constant infusion at 0:8-0:9 mg/kg per hour, would 
achieve serum theophylline levels of 10 ug/ml + 5. 
However, when patients have already had theophyl- 
line, a knowledge of the serum theophylline at the 
time of admission helps in planning treatment to 
produce an optimum concentration quickly, without 
the danger of toxic side effects. 


It was impossible to predict serum theophylline 
concentration at the time of admission even though 
careful inquiry was made about drugs given during 
the previous 12 hours (Table 2). There was a tendency 
to overestimate the concentration and to under- 
treat the patient, but in one case an underestimate 
was made. 


The wide individual variation of plasma clearance 
for theophylline is clearly shown by the range of 
serum theophylline concentrations found when the 
children had received constant infusions for 12 
hours or more. This shows continued monitoring 
is necessary if optimum theophylline concentrations 
are to be maintained. It is particularly valuable in 
the assessment of patients who appear unresponsive 
to treatment. 


In the long-term treatment of asthmatic children 
with choline theophyllinate as outpatients a dose of 
either 8 mg/kg qds or 10 mg/kg tds produces a 
satisfactory 2-hour post dose serum theophylline 
concentration (McKenzie et al., 1978). We have 
now studied 57 patients and found concentrations at 
2 hours after a dose outside the therapeutic range in 
only 3. 


Nausea and vomiting are recognised side effects 
of theophylline overdosage (Zwillich et al., 1975). 
Their occurrence when serum theophylline con- 
centrations are within the therapeutic range has been 
described before (Hambleton et al., 1977) and it has 
been suggested that if the oral theophylline com- 
pound is introduced slowly these symptoms can be 
avoided. 5 children in this series had intractable 
symptoms in spite of having serum theophylline 
levels < 16 ug/ml, and their symptoms resolved 
when the drug was discontinued. Thus in the 
children who show idiosyncratic reaction to theo- 
phylline it is of no clinical value. Despite this, when 
symptoms occur measurement of serum theophylline 
concentrations will in most cases resolve the 
question as to whether they are due to toxic side 
effects or not. 


In this series only 5 (30%) of the patients whose 
symptoms were poorly controlled by theophylline 
had serum concentrations in the therapeutic range. 
The other 11 had low concentrations, for which the 
most likely explanation was that they had not taken 
their medication. Thus they could not be said to have 
failed to respond to adequate treatment. Eney and 
Goldstein (1976) recently showed that therapeutic 
levels of theophylline were found in only 11% of a 
group of outpatients. In a second group who had 
more supervision and encouragement, the number 
increased to 42%. The method described makes it 
possible to have the result of the theophylline 
measurement available at the time of the outpatient 
visit. This is of great help in making an ‘on the spot? 
assessment of response to theophylline therapy. 
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Deafness and biochemical imbalance after burns 
treatment with topical antibiotics in young children 


Report of 6 cases 


M. F. M. BAMFORD AND L. F. JONES 


From Princess Margaret Hospital, Swindon 


SUMMARY Six children are described in whom deafness followed treatment of full thickness burns 
with topical antibiotic spray containing neomycin. 3 children developed hypocalcaemic tetany, 
and were shown to have a metabolic disorder involving hypocalcaemia, hypomagnesaemia, and 
hypokalaemia. The dangers of treating burns with topical ototoxic and nephrotoxic antibiotics are 


emphasised. 


Six children were found to be deaf after investigation 
of their hearing following treatment of burns in 
Swindon. 3 of these children developed a syndrome 
of tetany associated with metabolic imbalance 
during treatment. All these children were treated 
similarly by exposure and topical antibiotic sprays 
containing the nephrotoxic and ototoxic antibiotics 
neomycin, bacitracin, polymyxin B, and colistin 
(polymyxin E). 

Although users of these proprietary sprays are 
warned of potential side effects, including deafness 
and renal complications, we feel that the dangers of 
their topical use on burned surfaces are not 
sufficiently realised. 


Case reports 


Case 1. A boy of 16 months sustained scalds to 109; 
of his body surface. On day 32 of admission he 
developed tetany. Investigations at that time showed 
normal plasma sodium and albumin, but low 
potassium 2:88 mmol/l (mEq/l), calcium 1-75 
mmol/l (7 mg/100 ml), magnesium 0:35 mmol/l 
(0:85 mg/100 ml), chloride 91-2 mmol/l (mEq/l), 
and a raised blood urea 16 mmol/l (96 mg/100 ml). 
He was given intravenous calcium gluconate and 
the tetany resolved, but returned on day 42 when 
further investigations showed hypocalcaemia, hypo- 
magnesaemia, hypokalaemia, and hypochloraemia. 
Blood urea was then normal. Oral Ca and Mg 
supplements were then started. All blood chemistry 
was normal on day 49. He was referred again for 
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investigation of delayed speech development at 31 
years of age. Audiometry showed a severe bilateral 
hearing loss, more severe at high frequencies 
(Fig. 1). 


Case 2. A boy, aged 16 months, was developing 
normally when he scalded 16% of his body surface. 
On day 18 of admission he was noted to have a 
hypokalaemic, hypochloraemic alkalosis (K 2-6, 
Cl 85, HCO, 33 mmol/l (mEq/l)). Oral K supple- 
ments were started, but on day 23 he developed 
carpopedal spasm. Plasma Ca was low (1-6 
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mmol/l; 6:4 mg/100 ml) as was Mg (0:4 mmol/l; 
0-97 mg/100 ml). Plasma proteins normal; creatinine 
clearance 105-6 ml/min per 1:73 m?; 24-hour 
urine clearance of Na 61 mmol, K 29:9 mmol, 
Cl 85 mmol. He was then started on oral Ca and 
MgCl», but on day 30 had a further episode of 
tetany which resolved on intravenous calcium 
gluconate. All plasma values were normal 2 months 
after admission. 

His hearing and eardrums were said to be normal 
4 months after the scald, but at 8 months speech 
development had stopped. Audiometry showed a 
bilateral sensorineural deafness, which has become 
profound, necessitating special schooling. 


Case 3. A boy of 14 months scalded 12% of his body 
surface. He was investigated for carpopedal spasm 
and lethargy 16 days after admission. Results 
showed Na 131 mmol/l, K 3:1 mmol/l, Cl 91 
mmol/l, HCO, 28 mmol/l, blood urea 4:9 mmol/l 
(6 mg/100 ml), Ca 1:5 mmol/l (6 mg/100 ml), 
Mg 0:35 mmol/l (2:4 mg/100 ml) PO, 1:3 
mmol/l (4 mg/100 ml). Plasma proteins normal; 
creatinine clearance 37:3 ml/min per 1-73 m?; 24- 
hour urine output of Na 38:2 mmol, K 62:8 mmol, 
Cl 74: 5 mmol, Ca 1:51 mmol (60 mg/24 h), Mg 1:25 
mmol (30:4 mg/24 h), P 9:8 mmol (0:3 g/24 h), and 
urea 0:104 mol. He was started on oral Ca and Mg 
supplements, and plasma values for all electrolytes 
were normal for 46 days. 


Case 4. A boy scalded 15% of his body surface at 
13 months of age. Apart from a brief episode of 
Otitis media treated with penicillin, his progress 
in hospital was uneventful. He failed to make any 
progress with speech, and audiometry 14 months 
after the scald showed a 55-66 dB high tone loss 
bilaterally (Fig. 2). 


Case 5. A boy aged 8 months sustained scalds of 
22°% of his body. His hearing had been previously 
assessed as normal at 6 months. He failed to develop 
speech, and 21 months after the scald had a severe 
hearing deficit. He now requires special schooling. 


Case 6. A boy of 14 months scalded 10% of his 
body surface. He was found to have poor speech on 
attending play-school, and audiometry 26 months 
after the scald showed a severe hearing loss, more 
severe at high frequency (Fig. 3). 


Discussion 


A summary of the clinical features of the 6 cases is 
given in the Table. Treatment of all cases was 
similar. After assessment of the extent of the burn, 
and sedation or analgesia, the child was barrier 


nursed with the burn exposed. Where the area of 
the burn exceeded 10% of the body surface, fluids 
were replaced intravenously with plasma and 
dextrose saline. Otherwise, liberal oral fluids were 
given. 

Topical antibiotics were applied 4-hourly by 
nursing staff, while unhealed and nongrafted surfaces 
were exposed (usually 3 weeks). No record was made 
of the amount of spray used, but it was reported to 
be up to one full container per day. For all but the 
most recent case (Case 3) the antibiotic was Disbiotic 
(Avlex). This contains neomycin sulphate 500 000 U 
(735 g), colistin (polymyxin E) 300000 U, zinc 
bacitracin 37 000 U. In Case 3, the antibiotic was 
Dispray (Avlex): neomycin sulphate 650000 U 
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Table Clinical features of 6 reported cases 





Case mo. Age at scald (m) Percent Treatment Complications Deafness 
body surface 
i 16 10 Oral fluids; CaCl. Pyrexia, diarrhoea, High tone, 
i MgCl,. KCl tachycardia ; progressive; 
low Ca, Mg, K, Cl, 6/12 after 
aikai urea; scald 
í grafted 
2 16 16 IV fluids; Pyrexia, diarrhoea; Progressive; 
CaCl., MgCl, KCI low Ca, Mg, K, Ch 4/12 after 

alkalosis; grafted scaid 

3 14 10 IV fluids, CaCl,, Pyrexia ; ? normal at 2/12; 

MgCl,, KCl low Ca, Mg, K, Cl; deaf at 10/12 

low creatinine clearance after scald 

4 13 15 TV fluids Pyrexia; High tone loss 
grafted; from time of scald 
? otitis media 

5 8 22 IV fluids Pyrexia ; High tone loss 
grafted 26/12 after scald 

6 14 10 Oral fluids Pyrexia ; High tone loss 
grafted 16/12 after scald 


(955 g) polymyxin B 165000 U, zinc bacitracin 
10 000 U. The change in the routine antibiotic used 
took place in 1973. 

The nephrotoxic and ototoxic effects of neomycin 
are well described (Meuwisson and Robinson, 1967; 
British Medical Journal, 1969; Vinnicombe and 

` Stamey, 1969; Appel and New, 1977). Polymyxin 
is known to be nephrotoxic (Jawetz, 1961; Vinni- 
combe and Stamey, 1969; Appel and New 1977), 
and colistin shares the toxic effects of the poly- 
myxins, being indistinguishable from polymyxin E. 
Colistin has been said to cause partial deafness at very 
high plasma levels (Meuwissen and Robinson, 1967) 
but this has not been commonly reported. Experi- 
mentally, polymyxin B has caused cochlear damage 
in guinea pigs (Kohonen and Tarkkanen, 1961). 
Torically the polymyxins are said not to be absorbed 
(Vinnicombe and Stamey, 1966), but if given 
parenterally have been incriminated in a syndrome 
of Eyponatraemia, hypokalaemia, hypochloraemia, 
and hypocalcaemia (Rodriguez et al., 1970) as well 
as in reduced glomerular filtration rate, and 
,azotaemia. Bacitracin is known to be nephrotoxic, 
causing azotaemia when given parenterally, but is 
not absorbed when applied topically (Jawetz, 1961). 

Neomycin administered orally has been shown to 
have nephrotoxic and ototoxic effects in certain 
conditions in adults, in hepatic failure (Last and 
Sherlock, 1960) and after laparotomy (Greenberg 
and Momary, 1965; Ruben and Daly, 1968), and 
audictoxic effects in children (Zelenka et al., 1966). 
Similarly ototoxic effects have been reported after 
rectal irrigation (Fields, 1964) and wound irrigation 
(Kelly et al., 1969). 


Topically, neomycin has been incriminated in 
ototoxicity when absorption was aided by dimethyl- 
sulphoxide (Herd et al., 1967) in a 6-year-old girl, 
and inhalation by aerosol has been shown to cause 
hearing loss in children (Fuller, 1960). Parenteral 
administration has been well documented as a cause 
of acute tubular necrosis and subsequent deafness 
(De Beauklaer et al., 1971) and there has been a 
previous report of topical neomycin contained in 
bacitracin and polymyxin (Polybactrin) spray 
causing deafness in a severely burned (80%) 5-year- 
old child (Stewart, 1966). Typically, deafness has 
been progressive and irreversible, starting with a 
high tone loss. Presentation may be delayed for 
some months after exposure to the neomycin 
(Meuwissen and Robinson, 1967; Herd, 1967; 
Kelly et al., 1969). 

The syndrome of hypokalaemia, hypomagnes- 
aemia, and hypochloraemic alkalosis has been 
described in adults on gentamicin therapy for 
pulmonary tuberculosis by Holmes et al. (1970). 
They found raised aldosterone levels in their 
patients, and ascribed this to a hyperaldosteronism 
consequent on the antibiotic. 2 further aduit patients 
were described by Bar et al. (1975) who developed 
hypomagnesaemia and hypocalcaemia on high dose 
gentamicin therapy. There was high urinary mag- 
nesium and potassium loss and low parathormone 
levels. Gentamicin-induced magnesuria and kaluria 
was suggested as the initial problem with a con- 
sequent hypomagnesaemia, hypocalcaemia, and 
hypokalaemia. In these cases the aldosterone levels 
were normal. The biochemical abnormalities were 
slow to resolve (8 and 15 weeks respectively). 
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The biochemical findings in our patients were 
similar to those in the gentamicin patients, and, of 
the antibiotics present in the antibiotic sprays, 
neomycin is similarly an aminoglycoside. Urinary 
potassium loss was raised in Case 3 and was likely 
to be so in the face of low plasma potassium levels 
in Case 2. Case 3 was the only patient in whom 
urinary magnesium loss was measured, the loss 
probably being excessive as magnesuria usually 
stops in the face of hypomagnesaemia. Calcium loss 
was normal in Case 3. In all patients the abnor- 
malities were slow to resolve, and were refractory 
to initial calcium replacement, all requiring mag- 
nesium replacement. The mechanism remains 
obscure, but is most simply explained by an inter- 
ference in renal magnesium and potassium re- 
absorption, with the hypocalcaemia resulting from 
the hypomagnesaemia. 

The delay in diagnosing deafness may well have 
been due to the delayed and progressive nature of 
the lesion. There is strong supporting evidence in 
Case 3 where hearing was followed up prospectively. 
Speech upsets may be easily explained immediately 
after a prolonged and painful hospital stay, par- 
ticularly at such a sensitive period of speech develop- 
ment. However, the prolonged delay in speech 
eventually alerted parents to the possibility of 
deafness. 

There is still doubt as to why these particular 
patients suffered such complications, although other 
children were treated similarly between 1965 and 
1976. Age at burn (8-16 months) may have been 
critical, being the earliest age at which significant 
burns are likely in the exploring toddler. All affected 
infants were boys. Over the period where complete 
records are available (1974-76), boys outnumbered 
girls in hospital admissions for burns by 37 to 23. 

The surface area of the scalds was considerable 
(10-2297) and all had full thickness burns. Ab- 
sorption was thus made more likely. Renal per- 
fusion may well have been compromised by fluid 
loss from the burned surface, and in Cases 1 and 2 
by some diarrhoea. Oliguria was noted in Case 2, 
high blood urea in Case 1, and reduced creatinine 
clearance in Case 3. Ultimately the blood urea was 
normal in all cases in which it was measured. Poor 
renal function at the time of initial treatment 
probably enhanced the ototoxicity of the neomycin, 
and the nephrotoxicity of neomycin may have 
hindered excretion of the drug. 

Follow-up of other infants treated by this burns 
regimen is continuing, but deafness in other children 
may have been missed. Where similar treatment has 
been the practice, it is suggested that audiometry 
be performed on all children who have had more 
than trivial burns or scalds. 


We thank Dr M. W. Moncrieff for his help. 
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simple and versatile method for measuring oxygen 


consumption in infants 


J. M. EVANS, O. P. GRAY, B. M. HOLLAND, AND C. A. J. WARDROP 


From the Departments of Anaesthetics, Child Health, and Haematology, Welsh National School of Medicine, 


University Hospital of Wales, Cardiff 


SUMMARY A simple, rapid, and accurate method for measuring oxygen consumption in infants is 
described. Expired gas is entrained in a stream of air drawn through a gently applied face mask. 
Oxygen consumption is derived from (1) gas flow rate, measured with a flowmeter, and (2) the fall in 
oxygen concentration of the gas mixture, measured with a paramagnetic analyser. A measurement 
can be made at the bedside within 2 minutes without disturbing the infant. In 17 mature 2-day-old 
neonates mean oxygen consumption was 6:52 ml/kg per min, SD 0-90, similar to that previously 


reported using less simple methods. 


Measurements of oxygen consumption (V0;) have 
been very helpful in physiological studies of the 
newborn, for example in determining the optimal 
conditions for a thermoneutral environment in 
term and preterm infants (Hill and Rahimtulla, 1965: 
Scopes and Ahmed, 1966; Hill and Robinson, 1968: 
Bhakoo and Scopes, 1974). They have also proved 
valuable in the investigation of infants undergoing 
cardiac catheterisation (Fixler et al., 1974) and car- 
diac surgery (Owen-Thomas and Meade, 1975), and 
in tae evaluation of the effects of treatment, e.g. 
postoperative management (Ito et al., 1976) and 
phototherapy (O. Smales, unpublished, 1976). 

Methods previously reported for measuring O, 
consumption usually disturb the infant, are frequently 
time-consuming, and use relatively complicated 
and expensive equipment. We describe a simple 
method for measuring O, consumption accurately 
and quickly with portable apparatus. 


Patients and methods 


A constant flow system is used and O, consumption 
is derived by the application of the Fick principle. 
A clear plastic mask with a soft foam-lined rim is 
gently applied to the face covering the nose and 
mouth (Figs. 1, 2). The mask is connected to a 
coaxial circuit through which air is drawn at a 
constant flow rate. The expired gas from the infant 
is entrained in the gas stream drawn into the central 
tube. The gas is dried by silica gel before passing 
through a flowmeter (Rotameter). Part of the flow 
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(0-3 l/min) is pumped to a paramagnetic oxygen 
analyser (Servomex 0A272) and allowed to escape to 
atmosphere; the remainder is drawn to waste 
through a needle valve and pressure regulator into a 





Fig. 1 


The apparatus in use, 
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Fig. 2 System for measuring oxygen consumption. 
Expired gas is entrained in the constant airflow drawn into 
the mask through the coaxial circuit. The gas flow, after 
being dried, passes through a flowmeter and is sampled 

by the pump and paramagnetic oxygen analyser. The 
analyser reading is displayed on a digital voltmeter (DVM). 


piped vacuum system or suction pump. O, consump- 
tion (Vos) is derived from the sample flow rate (Vs) 
and fall in O, concentration (FD0;), 

Vo,=Vs x FDO». 


Appropriate corrections are made for temperature 
and pressure. No allowance is made for the small 
volumetric difference between inspired oxygen and 
expired CO,. The oxygen analyser is regularly 
calibrated with O, and N,O, both of which are 
readily available (a small correction factor for the 
difference between N, and N,O is applied). The 
apparatus is also tested at least weekly for the 
presence of leaks by drawing pure oxygen through 
the system. 

A sample flow rate of 1-3 l/min per kg is drawn 
through the mask. This flow rate provides a readily 
measurable fall in O, concentration (approximately 
0-597 absolute) but prevents rebreathing of expired 
gas and loss of expired gas past the soft fitting rim 
of the face mask (Evans et al., 1977). Because the 
flowmeter tube is calibrated at atmospheric pressure, 
it is important that the resistance of the circuit is 
low so that the pressure within the flowmeter tube 
is atmospheric. The position of the oxygen analyser 
is such that it is protected from any changes in 
circuit pressure caused by changes in sample flow 
rate, which would otherwise directly affect its cali- 
bration. The sensitivity and ease of reading of the 
analyser is improved by the addition of a digital 


voltmeter. A small reservoir is placed between the 
pump and analyser to smooth out breath-by-breath 
changes in gas concentration. The volume of the 
reservoir is adjusted so that a steady reading is 
obtained within 120 seconds. 

A secure airtight seal between the mask and infant 
is not essential. The high sample flow rate (equal to 
twice the approximate peak expired flow rate of the 
neonate) and slight subatmospheric pressure within 
the mask ensure that expired gas cannot escape from 
the mask; if a leak is present between the mask and 
infant, air is drawn into the mask. Since ambient air 
is drawn through the system additional humidi- 
fication is not usually necessary ; if this is essential, 
as part of a study of heat balance for instance, this 
is easily achieved by the insertion of a low resistance 
humidifier in the inspiratory limb of the system. 

If measurements are required of the effects of 
critical changes in environmental factors, the mask 
and coaxial circuit may be replaced by a conventional 
head box or hood. 


Laboratory verification. In order to check the accu- 
racy and linearity of response of the system, O, 
consumption was simulated by the injection of a 
steady flow of N, into the central tube of the coaxial 
circuit. N, entered the circuit at a range of flows 
from approximately 50 to 250 ml/min. The true 
flow rate was derived using a wet-gas meter (Parkin- 
son and Cowan Type B) and stop-watch. Appro- 
priate corrections were applied for temperature 
pressure and humidity. 


Clinical measurements. O, consumption was mea- 
sured in 17 healthy, term 2-day-old babies, while 
they were sleeping clothed in their cots 2-3 hours 
after feeds. The studies were made in an environment 
of moderate humidity which was carefully maintained 
within the neutral temperature range for each baby, 
meeting Hey's (1971) criteria for thermal neutrality. 


Results 


Laboratory verification. The correlation between 
measured and simulated Vo, is shown in Fig. 3. 
The 95°% confidence limits of the measured values 
are virtually constant at approximately + 1-5 ml/ 
min over the range 10-50 ml/min. 


Clinical measurements. The mean Vo, was 6:52 ml 
srPD/kg per min, SD 0-90. These values accord 
with figures obtained by other workers using both 
closed and open-circuit techniques (see Table). The 
infants’ ages ranged from 32 to 60 hours, mean 48 
hours; their mean weight was 3-12 kg, SD 0-5. 
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Fig. 3 Correlation (unconstrained regression line with 
95% confidence limits of a single observation) of measured 
Vo, and simulated Vo,. Equation: y=0-991x + 0-19; 
r==)-9991. 


Table Comparative values of Vo, in neonates 








Vos (mijkg 
per min) 
No. of 
Published reports Age(h) babies  (meand-SD) 
Present method 32-60 17 6.52--0.90 
Hill and Rahimtulla (1965) : 
Hill and Robinson (1968) 48-96 16 6.702-0-70 
Scopes and Ahmed (1966) 33-47 11 6.44 1-21 
Ito et al. (1976) lw 39 5.96--0.77 
Discussion 


Other methods (Hill and Rahimtulla, 1965; Hill and 
Robinson, 1968; Scopes and Ahmed, 1966; Stoker 
et ai., 1973; Fixler et al., 1974; Smales, 1978) involve 
placing the infant in a sealed box or collecting 
expired air from a hood or fightly applied mask to 
avoid leakages. The high fresh gas flow used in our 
method not-only ensures that expired gas does not 
escape past leaks at the rim of the mask (Evans et al., 
. 1977) but also ensures that rebreathing of expired 

gas does not occur. At gas flows of less than twice 
the minute volume, rebreathing is likely to occur 
(Willis et al., 1975). Assuming, in the neonate, a 
minute volume of 300 ml/kg per min the fresh gas 
flow should therefore exceed 600 ml/kg per min. The 
use of lower fresh gas flows (500 to 1000 ml/min; 
Smales, 1978) will almost certainly result in CO, 


retention in all but the smallest neonates; this can- 
not be excluded by measurements of CO, concen- 
tration in mixed expired gas obtained from a 
T-piece arrangement. The Servomex OA272 analyser 
used in the present system is ideal for this type of 
investigation and obviates the need for additional 
amplification, recording, and calibration equipment. 

The present method can be quickly and repeatedly 
performed from within minutes of birth and pro- 
duces accurate results without disturbing the infant. 
The equipment is relatively simple, inexpensive, and 
portable. The measurement of O, consumption by 
this method has many potential applications in 
special-care nurseries and paediatric wards. We have 
used it to make several hundred measurements of 
Og consumption in neonates and infants in the labour 
wards, special care nursery, and in the follow-up 
of older infants as outpatients. 


We gratefully acknowledge the assistance of Sister I. 
Wardrop, of the Nursing Staff of the Maternity 
Department, University Hospital of Wales, and of 
Mrs Jeanette Brown, whe typed the manuscript. 
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Dosage schedule of gentamicin for chronic renal 
insufficiency in children 


HAJIME YOSHIOKA, MASATOSHI TAKIMOTO, ICHIRO MATSUDA, 
AND SHINZABURO HATTORI 


From the Departments of Paediatrics, Asahikawa Medical College, and Kumamoto University School of Medicine 


SUMMARY Gentamicin was given to paediatric patients with chronic renal disease complicated by 
infections by Gram-negative organisms, in which renal function varied from normal to severely 
insufficient. Peak serum levels after an intramuscular dose of 1 mg/kg body weight ranged from 3:1 
to 9:4 ug/ml, which appeared adequate for therapy. The peak value was not related to the renal 
function of the individual patients. 

The serum half-life of gentamicin correlated inversely with the value for endogenous creatinine 
clearance. A diagram for the estimation of the serum half-life of gentamicin using the creatinine 
clearance value is presented. As a practical guide, it is recommended that the dose of gentamicin in 
children with renal function impairment be 1 mg/kg given intramuscularly and that the interval 
between doses be almost three times as long as the serum half-life, which can be estimated by 
means of the diagram for individual patients. The accuracy and safety of this method were 


confirmed by treating children with this adjusted dosage schedule. 


Because gentamicin is eliminated largely by renal 
function, toxic effects occur more easily in renal 
insufficiency than under conditions of normal renal 
function. On the other hand, gentamicin is frequently 
indicated in patients with renal impairment to 
combat infections due to Gram-negative organisms, 
which are apt to complicate haemodialysis and 
associated minor surgical procedures. In order to 
avoid toxicity, several approaches to adjusting 
dosages in patients with renal disease have been 
devised (Gingell and Waterworth, 1968; Gyselynck 
et al., 1971; McHenry et al, 1971; Chan et al., 
1972; Cutler et al., 1972). 

Since these studies were done almost exclusively 
on aduit patients, a study was needed in paediatric 
patients. In this report we show firstly, the relation- 
ship of the rate of elimination of gentamicin from 
plasma to renal function in children, and secondly, 
we propose a schedule for modifying gentamicin 
dosage using a diagram. Gentamicin was admin- 
istered to patients with renal insufficiency com- 
plicated by infection according to the adjusted 
dosage, and the accuracy and safety of the method 
were clinically confirmed. 


Patients and methods 
Fifteen patients with various renal diseases were 
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studied. They ranged in age from 8 to 17 years and 
in weight from 23 to 60 kg. The renal functions of the 
patients were diverse, ranging from 5 to 148 ml/min 


per 1-73 m? of the body surface area in endogenous 


creatinine clearance (Cer), and from 8-5 to 95.5 mg/ 
100 ml (3-34 mmol/D in blood urea nitrogen. 
Gentamicin was prescribed on clinical and bacterio- 
logical grounds and given intramuscularly in a dose 
of 1 mg/kg body weight. 

Samples of peripheral blood were collected with 
appropriate time intervals before and after gentamicin 
injection. The serum was immediately separated 
by centrifugation and kept frozen until tested. 
Concentration of gentamicin in serum samples was 
determined by the well-plate agar method (Garrod 
et al., 1973) using Bacillus subtilis PCI 219 as the 
indicator strain. The half-life of gentamicin in the 
serum (T$) was estimated by means of the method | 
of least squares. Data were plotted on log/log paper, 
and a diagram indicating the relation of T of 
gentamicin to Ccr was drawn. 


Three patients were treated for infections due to 
Gram-negative organisms by an adjusted dose of 
gentamicin, using this diagram. Gentamicin was - 
given to these patients in a dosage of 1 mg/kg, 
at intervals almost 3 times as long as the estimated 
T4. We measured peak levels, and the changes in 
blood level up to the fourth dose. 
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Results 


Correlation between renal function and serum half- 
life of gentamicin. The age, weight, clinical diagnosis, 
Ccr, peak serum levels, and estimated half-life of 
gentamicin in the serum of the 15 patients are listed 
in Table 1. Peak serum levels were attained 30 to 60 
minutes after injection and ranged from 3.1 to 9.4 
ug/ml. No appreciable differences were observed in 
peak serum levels among patients with normal and 
impaired renal function. A decline of serum con- 
centration was thereafter delayed in patients with 
decreased renal function. The delay was likely to be 
proportional to the extent of renal damage. The TÀ 
value increased sharply when Ccr values went below 
a level of 20 ml/min per 1-73 m? of the body surface 
area. In a patient who was nephrectomised, the 
peak level after intramuscular injection of 1 mg/kg 
gentamicin was 3-2 ug/ml, and T4 was 42 hours. 


Developing a diagram. The values for T4 in Table 1 
were plotted against the values for Ccr on log/log 
paper. They produced a straight line, and the 
regression equation was calculated to be 
y —2-121 —0-934x, where x equals log (Ccr), and y 
equals log (T3). Fig. 1 shows the regression line 











Table 1 Pharmacokinetics of gentamicin in patients 
with renal insufficiency 
Ccr 
(ml/min Peak Half- 
Case Age Weight Clinical per level life 
no. (years) (kg) diagnosis 1:73 m?) (ug/ml) (A) 
l 12 44 SLE-nephritis 148-0 9-4 1-2 
2 14 50 Cystitis 123-0 60 1-3 
3 10 35 Healthy 120-0 9-0 1-5 
4 13 35 Purpuric 117-0 4-2 1-5 
nephritis 
5 8 24 Nephrosis 115-0 3-8 1-4 
6 12 27 SLE-nephritis 107-5 4-2 2-0 
T 17 30 Chronic pye- 70.0 4.4 2-0 
lonephritis 
8 15 40 Chronic 64.0 6-3 3-1 
nephritis 
9 13 38 SLE-nephritis 23-5 6-3 10-5 
10 18 60 Chronic 18-1 3-9 11-7 
nephritis 
11 16 50 SLE-nephritis 15.5 5-3 12-0 
12 10 26-5 Chronic 14-4 6:3 6-4 
nephritis 
13 10 23 Purpuric 9.5 3-1 16-1 
nephritis 
14 13 30 Chronic 8.1 6-4 17-2 
nephritis 
15 15 46 Chronic 5.0 4-2 27-0 
nephritis 





SLE —systematic lupus erythematosus, Ccr —endogenous creatinine 
clearance. 









































Fig. 1 Correlation 
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clearance and serum 
half-life of gentamicin 
in 15 subjects. Upper 
and lower 95% 
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relating T4 to Ccr, with the calculated 95% con- 
idence limits for individual patients. From this 
it is possible to predict the T4 when the Cer of the 
patient 1s known. Thus, the diagram is of clinical 
importance, since it allows adjustment of the dosage 
interval of gentamicin in children with varying 
renal function. 


Testing the adjusted dosage schedule in clinical 
practice. Infections due to Gram-negative bacter- 
aemia in 3 children with renal disease were treated 
with the adjusted dosage schedule of gentamicin. 
Gentamicin was given to the patients in an intra- 
muscular dosage of 1 mg/kg body weight and with 
the intervals estimated by Fig. 1. The data on these 
patients.are given in Table 2. In Case A the dosage 


Table 2 Patients treated by adjusted gentamicin dosage 
schedule 


Intramuscular 
gentamicin 
Cer Calculated = ———— — —— 
Age Weight (mlimin Tt Dose Interval 
mo. (years) (kg) per 1-73 m?) (hours) (mg) (A) 
A 13 44 13-9 11-3 44 25 
B 10 31 46-2 , 3.7 30 13 
sc 12 32 48-6 3.5 30 13 





interval was set at 25 hours, and in Cases B and C 
at 13 hours. The time interval was 2-2 times as long 
as the estimated T$ in Case A, and 3.5 and 3-7 
times as long as those in Cases B and C, respectively. 

The peak and blood level changes of gentamicin 
in these patients were followed up in the course of 
four repeated doses. Although the peak blood level 
varied in individual patients, it remained within 
'therapeutic levels! and showed no tendency to 
accumulate (Fig. 2). 

No signs of aggravating renal function, such as 
raised blood urea nitrogen or creatinine levels in 
plasma were observed and urinary examinations, 
including investigations of urinary sediment, showed 
no abnormalities throughout gentamicin treatment. 
No abnormalities in hearing or in vestibular function 
were observed in otological examinations performed 
before and after treatment. 


Discussion 


Gingell and Waterworth (1968) were the first to 
report that the half-life of gentamicin in serum 
correlated inversely with the rate of glomerular 
filtration as measured by renal creatinine clearance. 
In our study the half-life of gentamicin in our pae- 
diatric patients was shown to be significantly cor- 
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related with Ccr, in agreement with results obtained 
in adult patients. 

The safe upper limit for the serum level of genta- 
micin is believed to be 10 ug/ml. The minimum 
inhibitory concentrations of gentamicin to clinically 
significant Gram-negative organisms range from 
0-5 to 4 ug/ml (Garrod et al., 1973). Thus, serum 
levels between 5 and 10 ug/ml are desirable and 
therapeutic, but not toxic. In our study peak serum 
levels ranging between 3-1 and 9-4 ug/ml, with an 
average of 5-5 ug/ml, were obtained after an intra- 
muscular dosage of 1 mg/kg. These levels were 
clinically adequate; it rarely is necessary to 
administer gentamicin in excess of 1-0 mg/kg in 
these patients. 

In order to avoid accumulation, the interval 
between doses of gentamicin must be prolonged in 
patients with renal impairment. It is desirable that 
the second dose be given when the serum level from 
the first dose falls to its lowest level. Theoretically, 
after an interval of twice the T1, the serum level is 
one-fourth of the peak serum level, and after three 
times T4 the serum level is one-eighth. The serum 
level may thus be predicted to be 1-0 ug/ml or less 
at these intervals after administration. It is generally 
accepted that drug accumulation does not take place 
if the interval between doses is greater than 1-44 
times T4 (Gibaldi and Perrier, 1975). Gingell and 
Waterworth (1968) confirmed that administration 
of gentamicin at intervals of twice the calculated 
T4 is safe in a patient with a Ccr of 6-1 ml/min, 
and they proposed an interval of three times as long 
as the estimated T1 for adult renal insufficiency. 

On the basis of our own observation we feel that 
their proposal is justifiable, and we recommend 
an interval of three times the T for paediatric 
patients as well. If the Cer is known, the T3 can 
probably be estimated using Fig. 1. This method of 
calculation appeared satisfactory in 3 patients with 
renal insufficiency. 


Although prediction of the serum level is possible, 
many investigators have reported that the peak 
levels as well as the half-life of gentamicin in serum 
may vary considerably in patients with comparable 
renal function (Gyselynck ef al., 1971; Kaye et al., 
1974). In difficult cases, therefore, it is advisable 
to determine the actual serum levels of the anti- 
biotic whenever possible in order to achieve the 
anticipated therapeutic effects and to avoid toxicity. 
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Personal practice 


Congenital choanal atresia* 


LEO KIRKEGAARD WINTHER 


From the University Department of Otorhinolaryngology, Kommunehospitalet, Aarhus, Denmark 


We have treated a total of 15 patients (11 girls, 4 
boys) for choanal atresia in the University Depart- 
ment of Otorhinolaryngology during a period of 15 
years from 1963-1976. No other cases occurred in 
their families. One patients is mentally retarded, 
whereas none of the others have had other congenital 
defects. 

Five patients (4 girls, 1 boy) had bilateral choanal 
atresia. In all 5 cases, the birthweight was low, in 2 
patients below 2500 g. Immediately after birth these 
infants presented severe problems, becoming cya- 
nosed bordering on asphyxiation. 

Ten patients (7 girls, 3 boys) had unilateral choanal 
atresia, 7 of them on the right side. The more 
common symptoms were unilateral persistent 
purulent nasal secretion, obstruction of one side of 
the nose, and disturbed sleep, especially with upper 
respiratory infections. 


Methods of treatment and results 


The ages at operation of the 5 patients with bilateral 
choanal atresia have varied from 17 hours to 2 
months. All operations were performed under 
general anaesthesia with trans/endonasal perforation 
of the atretic membrane. A plastic (Portex) tube of 
an inner diameter of about 3 mm in which an oval 
hole had been cut in the middle (Fearon and Dickson, 
1968; Hogeman and Toremalm, 1968) was then 
passed through one nostril and led out of the other. 
The tube was fixed in front of the columella (Fig. 1). 
The infant then became able to breathe satisfactorily 
through the nose. 

In our 2 last patients, operated on in 1975 and 
1976 at the age of 17 hours and 5 days respectively, 
a rhinopharyngoscope? was introduced through the 
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*In the ‘Personal practice’ series of articles authors are 
invited to give their own views on some current practical 
problem. 


THopkins rod-lens system; by Storz Endoscopy Company, 
Tuttlingen, West Germany. 


mouth into the pharynx, allowing the nasopharynx 
and the choanal stresia to be inspected (Fig. 2): 
By this means, a metal bougie can be guided safely 
under direct vision, and choanal atresia perforated 
(Winther, 1978). 

The nasal tube can easily be cleaned by suction. 
After 2, or preferably 3, months it is removed. The 
patients are seen regularly until the age of 1-2 years, 
at which time the nasal airway has become estab- 
lished. Dilatation with metal bougies under local 
anaesthesia is done periodically at the follow-up, if 
necessary, but no failure has so far occurred. 





Fig. 1 Infant with bilateral choanal atresia; a tube 
has been inserted through both sides of the nose. 
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Fig. 2 


Congenital bilateral choanal atresia seen 
through the endoscope, in a newborn infant. 


Surgical treatment of the 10 patients, with uni- 
lateral choanal atresia was also performed under 
general anaesthesia. Three different methods of 
approach were used, transpalatal (8 patients, 
including 1 with recurrence), transseptal (1 patient 
in whom the atresia recurred), and endonasal (1 
patient). At operation a Portex tube was inserted in 
the affected side of the nose for varying periods of 
time. Operation has been carried out at ages from 
34 to 20 years. In 2 patients the conditions recurred; 
they were subjected to reoperation by the same 
technique without further recurrence. We have been 
able to trace 8 of these 10 patients, who are all free 
of recurrence and have satisfactory air passage 
through both nostrils. 


Discussion 


The developmental anomaly in choanal atresia 1S 
due to failure of breakdown of the buccopharyngeal 
membrane in the 4th or 5th week of embryonic life. 
Durward et al. (1945) reviewed about 500 published 
cases. The incidence is reported to be 0:02-0:04% 
(Parkes and Brennan, 1973). About two-thirds of 
the cases on record are unilateral. The anomaly is 
twice as frequent in girls as in boys, and involves 
the right side twice as often as the left, which is in 
accordance with our experience. 

Some investigators (Flake and Ferguson, 1964; 
Ransome, 1964) have reported a hereditary tendency, 
but most cases of choanal atresia seem to be of 
sporadic occurrence. Concurrent congenital anoma- 
lies have been encountered, in some series in as 
many as 50% (Ewans and Maclachlan, 1971), but 
no hereditary tendency or associated congenital 
anomalies were noted in any of our patients. 
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Bilateral choanal atresia presents an acute, alarm- 
ing picture with respiratory distress and cyanosis, 
often leading to asphyxia and suffocation. It is a 
well-observed fact that newborn infants up to the 
3rd to 6th week of life cannot spontaneously breathe 
through the mouth. The cause of this has not been 
fully clarified, but the anatomy at this age probably 
plays an important role (Hough, 1955). Both bi- 
lateral choanal atresia and conditions which lead to 
nasal mucosal oedema can thus bring an infant into 
a critical state (Simson and Brantley, 1977). Probing 
both sides of the nose (a Thiemann no. 8 catheter is 
suitable) establishes the diagnosis, and should lead to 
immediate steps to provide a free airway, and allow 
feeding. 

Even if careful nursing is established, newborn 
infants with choanal atresia, especially if bilateral, 
are at constant risk of suffocating, and they are not 
out of danger until they have ‘learnt’ mouth breath- 
ing after the course of some weeks. Conservative 
treatment consists of the application of a tongue 
depressor and simultaneous insertion of a feeding 
tube, but this requires constant and close observation 
during the first few weeks of life. Definitive surgical 
correction, mostly by the transpalatal approach, 
has by some been then postponed until the age 
of 1-2 years (Owens, 1965). As regards the type of 
operation, a transseptal approach is advocated by 
some, and Carpenter and Neel (1977) have recently 
reported good results by this approach. Their 
patients however were all over 8 years, and the 
authors expressed the view that this method cannot 
be applied in young children, which seems reasonable 
in view of the small intranasal dimensions in this 
age group. 

The longer the child lives without surgical correc- 
tion the more difficult will perforation of the atretic 
wall become. It is generally reported that 90% of 
choanal atresia are osseous, and only 10% mem- 
branous. In our 5 bilateral cases it was not possible 
to assess with certainty the thickness of the atretic 
wall. Seemingly, it was only a few millimetres; it 
could without difficulty be perforated and also be 
satisfactorily dilated. At this early age it is perhaps 
irrelevant to speak of osseous or membranous 
atresia, since the cranial bones are relatively soft 
(Weseman, 1973). 

Several authors have advised against endonasal 
perforation of the atretic wall because of the high 
frequency of recurrence (Hobolth et al., 1967; Owens, 
1965) and the difficulty in keeping the tubes clean. 
In addition, surgical complications have been en- 
countered with intracranial and spinal canal injury. 

The technique described above is, as previously 
pointed out by Hough (1955), Beinfield (1959), 
Fearon and Dickson (1968), and Weseman (1973), 
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a reasonably simple means of correcting a life- 
threatening condition, which can be performed as 
soon as the diagnosis has been established. 


In contrast to the severe, life-threatening symptoms 
of the bilateral variety, unilateral choanal atresia may 
escape recognition for several years. It is often 
detected quite accidentally because of nasal stenosis 
and the presence of mucus and, sometimes, foul- 
smelling secretions from the affected nostril. How- 
ever, if the unaffected side is obstructed for example 
by secretions or by mucosal oedema, respiratory 
distress will develop in infants with unilateral choanal 
atresia and the clinical picture becomes similar to 
that of bilateral choanal atresia. 


The view has sometimes been expressed that 
unilateral choanal atresia might be left untreated, a 
view with which we must disagree. The last patient 
«mong our 10 unilateral cases, a 6-year-old boy 
with right-sided atresia (Fig. 3), was successfully 
operated on in 1976 by the same method as the 
bilateral cases. 





Fig. 3 Congenital unilateral choanal atresia (the right 
side) seen through the endoscope, in a 6-year-old boy. 
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Short reports 


Late functioning adrenocortical 
carcinoma in a 5-year-old girl 


Adrenocortical carcinoma is a rare form of malig- 
nancy in childhood and its incidence has not been 
accurately recorded. The mode of presentation 
is usually the development of signs of virilisation 
or Cushings syndrome. Very rare feminising 
tumours and occasional nonfunctioning ones have 
been reported (Lewinsky et al., 1974). The tumour 
may present in association with hemihypertrophy, 
urinary tract abnormalities, and other anomalies 
(Fraumeni and Miller, 1967). We present the case 
of a 5-year-old girl with a late functioning tumour, 
and an unusual presentation. 


Case report 


A 5-year-old girl presented in July 1976 with 
paraplegia of acute onset. There was associated 
retention of urine and a sensory level at D8. She 
had previously been a healthy child apart from 
having gluten-sensitive enteropathy which was 
diagnosed in 1972 and more recently she had dev- 
eloped recurrent abdominal pain and occasional 
nocturnal enuresis. 

Plain x-rays of her dorsal spine showed a collapse 
of the vertebral body at D7 with a associated large 
paravertebral mass. At operation extradural tumour 
was found compressing the spinal cord and a lam- 
inectomy and biopsy were performed. This was 
initially reported as having the characteristics of a 
neuroblastoma. She was treated with radiotherapy 
and chemotherapy (vincristine, actinomycin D, and 
cyclophosphamide), after which she made a full 
recovery with return of normal motor function. 

The child came under our care in December 
1976. Chemotherapy was continued. The biopsy 
slides were reviewed and it was felt that they were 
more compatible with a primary tumour of carcin- 
omatous histology, probably arising in the adrenal 
cortex. Blood levels of electrolytes, calcium, and 
glucose, and urinary catecholamine excretion were 
all normal. Intravenous pyelography and skeletal 
survey showed no abnormality apart from the verte- 
bral lesion. 

Over the following 4 months she twice developed 
an acute paraplegia. On each occasion cisternal 
myelography showed obstruction to the flow of 
Mydil and operative decompression was attempted. 


On the first occasion she made a complete recovery 
postoperatively, but after the second episode she 
unfortunately remained paraplegic. The major part 
of the tumour was at this time found to be anterior 
to the vertebral bodies. Further review of the 
histology confirmed the suspicion of an adreno- 
cortical carcinoma as the primary tumour. There 
was still no clinical or radiological evidence of this 
and no evidence of increased production of oxo- 
or oxogenic steroids. The tumour was at this time 
enlarging radiologically. 

In April 1977, 10 months after the onset of her 
illness, she rapidly developed plethora, coarsening 
of the skin with acne, trunkal obesity, and progres- 
sive virilisation with pubic and axillary hair. 
Urinary steroid levels were as shown in the Table, 
first estimation. The oxosteroid and oxogenic 
steroid levels rose further over the next week, 
second estimation. She then developed multiple 
lung metastases of cannonball type with an asso- 
ciated pleural effusion and died suddenly. Necropsy 
was not permitted. 


Table Results of biochemical tests 











First Second 
estimation estimation Normal range 
Urinary 17-oxosteroids 
(umol/24 h) 73 118 0-5-6-9 
Urinary 17-oxogenic 
steroids (umol/24 h) 13 17 13-9-24-7 
Plasma testosterone 
(nmol/l) 4.9 4.9 <1-0 
Midnight plasma 
cortisol (nmol/l) 371 133 50-120 
9.00 a.m. plasma 
cortisol (nmol/l)] 168 203 248—607 


—— 
Urinary steroids and plasma testosterone estimated at onset of 
virilisation and 3 weeks later showing progressive rise in levels. Cor- 
tisol levels show reverse of diurnal variation. 

Conversion: SI to traditional units—17-oxosteroids and 17-oxogenic 
steroids: 1 umol/24 ha0-288 mg/24 h. Testosterone: 1 pmol/l» 
0-288 ng/ml. Cortisol: 1 nmol/l 440-036 pg/100 ml. 


Discussion 


Adrenocortical carcinoma is a rare tumour in 
childhood. In one large review (Hutter and Kayhoe, 
1966) 40 cases presenting under the age of 20 years 
were reported out of a total of 186. The mean age 
was 36 years with a range of 6 months to 72 years 
and the female to male ratio was 2:1. The majority 
of cases in children manifest with signs and symp- 
toms of adrenal hypercorticism, and a neurological 


341 


342 Short reports 


presentation is very rare. In Hutter and 'Kayhoe's 
series there were only 9 nonfunctioning tumours. 

Dumb-bell tumours due to neuroblastoma can 
cause an acute onset paraplegia, but they are not 
usually associated with any vertebral collapse. 
The bony lesions seen in disseminated neuroblastoma 
are rarely single and are more frequent in the limb 
bones and calvarium. Metastatic adrenocortical 
carcinoma in the spinal extradural space has rarely 
been described (Lipsett ef al, 1963). Vertebral 
metastases are also very rare, occurring in only 7 of 
Hutter and Kayhoe’s 138 patients. Metastases 
usually manifest the same hormonal pattern as the 
primary tumour but a few cases have been reported 
in which functioning tumours recurred as non- 
functioning types (Rapaport ef al., 1952). 

The absence of any clinical or radiological 
evidence of primary adrenocortical tumour is very 
unusual, but in the absence of a necropsy we were 
unable to rule out a small tumour which was not 
causing renal displacement. Aortography, reno- 
graphy (Craig er al., 1975), and adrenal scintigraphy 
(Jorgensen et al.,.1975) might have elucidated this 
problem but rapid deterioration in the patient’s 
clinical condition did not allow their performance. 

The response of this tumour to radiation and 
chemotherapy is much better than in adult tumours 
of the same type and we have previously reported 
survival of metastatic cases (Stewart ef al., 1974). 
Initial response to radiotherapy and chemotherapy 
was demonstrated here. 


Summary 
A S-year-old with adrenocortical carcinoma pre- 


sented with acute paraplegia. The tumour was 
initially nonfunctioning but finally showed rapid 


dissemination and the patient then developed 


Cushingoid features and virilisation. 
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Unusual case of adrenal cortical 
carcinoma in a female infant 


A 44-month-old girl remains well 39 months after 
removal of a left adrenal cortical carcinoma. The 
clinical presentation of this tumour differed from 
those previously reported. 


Case report 


A girl weighing 2480 g was born at term to a 27- 
year-old gravida 2 primiparous mother. Growth 
progressed at the 3rd centile. At 3 months 
transient bloody stools resolved after change 
of milk formula. At 44 months a left abdominal 
mass was noted after a 2-week history of weight loss, 
irritability, and increasing abdominal girth. Positive 
physical findings included blood pressure 190/140 
mmHg and a tender left abdominal mass filling the 
entire. side of the abdomen. Congenital anomalies, 
hirsutism, Cushing's syndrome, and inappropriate 
feminisation, the most commonly reported presenta- 
tions of this tumour in this age group and during 
childhood, were absent (Reidel, 1952; Knight et al., 
1960; Bacon and Lowrey, 1965; Cooper et al., 1967; 
Fraumeni and Miller, 1967; Kenny et al., 1968; 
Gilbert and Cleveland, 1970; Stewart et al., 1974). 
Initial clinical impression was either neuroblastoma 
or nephroblastoma. 

Preoperative investigation could not be done due 
to the sudden onset of respiratory distress secondary 
to rapid, progressive expansion of the abdominal 
mass. At surgery, a 10 x 18 x 10 cm haemorrhagic 
mass occupied the entire left retroperitoneum, en- 
casing the left kidney and invaded by direct extension 
the mesocolon at the splenic flexure. Microscopic 


sections showed massive tumour necrosis with 
marked vascularity and extensive haemorrhage. The 
viable portions of the tumour were arranged in 
sheets and columns of cells around dilated and 
ectatic veins. Cytoplasm of many cells contained 
many droplets of neutral lipid. Marked nuclear and 
cytoplasmic gigantism were present, suggesting 
hypoxic degenerative changes. Mitotic figures were 
numerous and abnormal. A small portion of normal 
adrenal cortical tissue lacked evidence of the 
cytomegaly associated with Beckwith’s syndrome. 
Microscopic findings were compatible with adrenal 
cortical carcinoma. 

Transient postoperative elevations of 24-hour 
17-hydroxy- and 21-oxosteroids normalised during 
chemotherapy. Ortho, para’ DDD (1, 1-dichloro-2- 
(o-chlorophenyl)-2-(p-chlorophenyl)-ethane; mito- 
tane, an isomer of DDD which causes haemorrhagic 
necrosis in the dog adrenal cortex and which has 
been used as chemotherapy for this tumour) was not 
used initially because of the patient's age, anticipated 
difficulties from side effects of medication, and 
uncertain effectiveness in prolonging life (Hoffman 
and Mattox, 1972; Schein, 1972). Instead, a solid 
tumour protocol consisting of actinomycin D (9 
mg/kg per dose), cyclophosphamide (7 mg/kg per 
dose), and 5 fluorouracil (8 mg/kg per dose) was 
given on 5 consecutive days every 3 weeks for 133 
months (the length of pregnancy plus time at diag- 
nosis). She remains well 21 months after completing 
chemotherapy with no evidence of primary or 
metastatic tumour. 


Discussion 


Adrenal cortical carcinoma is a rare neoplasm in 
infancy (Cooper et al., 1967). Schein (1972) reports 
that most cases have presented with Cushing’s 
syndrome, hirsutism, precocious puberty or rarely 
inappropriate feminisation since these tumours may 
be endocrinologically active. Associated congenital 
anomalies and concurrent central nervous system 
and hepatic tumours have also been reported 
(Fraumeni and Miller, 1967). Any of the above may 
favour early diagnosis, before metastatic disease has 
occurred. Nonfunctioning tumours have also been 
described, and these cases may present with signs 
of metastatic disease, thus indicating a poorer 
outlook (Knight et al., 1960). 

While the curative value of surgery in the absence 
of metastatic disease is proven (Cooper et al., 1967), 
the role of effective chemotherapy after surgery 
remains controversial. Ortho, para'DDD has been 
advocated, but its absolute value is unproven 
(Hoffman and Mattox, 1972). In addition, resulting 
adrenal insufficiency may be difficult to manage 
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(Hoffman and Mattox, 1972; Schein, 1972). We 
therefore elected to use actinomycin D, cyclophos- 
phamide, and 5-fluorouracil, a combination which 
has proved successful in selected epithelial tumours 
at the M.D. Anderson Hospital and Tumor 
Institute (unpublished data). Side effects from this 
combination were managed on an outpatient basis. 
While ultimate prognosis is still doubtful, the fact 
that transient rises of 17-hydroxy- and 21-oxosteroids 
disappeared during treatment suggests that this 
combination was successful in causing the active 
tumour to regress. 

Our case differs from those previously reported 
because of the absence of clinical findings commonly 
associated with adrenal cortical carcinoma in this 
age group. Apart from hypertension, evidence of 
tumour hormone secretion was absent, and wide- 
spread metastatic disease was not present. The 
presentation thus mimicked neuroblastoma or 
nephroblastoma. 


Summary 


Adrenal cortical carcinoma in a 44-month-old girl 
was treated by surgery in combination with actino- 
mycin D, cyclophosphamide, and 5-fluorouracil 
given daily for 5 days every third week for 133 
months. Postoperative hypertension and raised 
24-hour 17-hydroxy- and 21-oxosteroids suggested 
residual microscopical tumour activity. These 
findings resolved during chemotherapy. The patient 
is alive and well 22 months after completing chemo- 
therapy. Adrenal cortical carcinoma may rarely 
mimic neuroblastoma or nephroblastoma when the 
tumour is not clinically secretory. 


This case report is the combined work of Sheppard 
AFB Hospital and the M.D. Anderson Hospital and 
Tumor Institute. The views expressed herein are 
not necessarily those of the US Air Force. 
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Loss of energy during continuous 
infusions of breast milk 


Continuous feeding by intragastric or transpyloric 
milk infusion is currently popular in neonatal 
nurseries. We have noticed that human breast milk 
leaves a much greater residue in the burette and 
tubing at the end of an infusion than cows’ milk 
formula. Since the residue looks fatty, we thought 
it worth investigating the change in total milk 
energy during infusions, in case appreciable amounts 
were being lost in discarded infusion sets. 


Methods 


Experiments were carried out with expressed human 
breast milk. This was delivered from a Metriset 
burette to a series of beakers via a standard 2 m 
length of polyvinyl tubing, at flow rates ranging 
from 10-25 ml/h. During infusion the milk was kept 
at a room temperature representative of that found 
in special care baby units (30-31°C). Samples were 
collected for analysis at timed intervals (1-2 h) for 
8-12 h. We included a well mixed sample of each 
milk as a base line, and also the residue in the 


burette and tubing at the end of the infusions, which 
was washed out with distilled water. The samples 
were of equal volume (15-25 ml), and the residue 
in the burette and tubing was approximately the 
same volume before dilution with the washings. 
All the samples were freeze dried. Total energy 
content of the dried milk was determined by bomb 
calorimetry (Miller and Payne, 1959). Each sample 
was analysed in triplicate. 


Results 


The results were essentially similar in each of 9 
separate experiments: a decline in the energy con- 
tent of the samples collected in the first 4-5 h of the 
infusion, followed by a rise which culminated in a 
peak energy value in the residual sample about 
16% above that of the well mixed milk. This trend 
is shown in Fig. 1. The difference in energy content 
between the 2-hour sample and the residual sample 
was significant at the 2% level, using the t-test 
applied to paired comparison (t=2-9, P<0-02). 
The rate of decline in energy content of the early 
samples was not correlated with the rate of infusion. 
Since the timing of the sample with the lowest 
energy content ranged from 1 to 5 hours after the 
start of the infusion, we have compared initial 
energy and residual energy with the mean of the 
lowest energy values (Fig. 2). Mean minimum 
energy was 11% below that of the mixed milk, and 
24% below the residual energy. These differences 
were highly significant using the paired t-test. 
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Fig. 1 Mean change (+ SEM) in energy content of 


breast milk during infusion over 8-10 hours (9 experiments). 
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Fig. 2 Lowest and highest energy during 9 infusion 
experiments compared with well mixed milk (+ SEM). 


Discussion 


The changes in energy content of breast milk during 
slow infusions are large enough to confuse energy 
calculations and lead to a reduction in energy 
intake. From the shape of the curve in Fig. 1, we 
suppose that the milk fat separates rapidly after the 
infusion is set up. This results in the lower energy 
content of the 2-4 h samples, which are presumably 
relatively low-fat. Thereafter increasing amounts of 
the upper fatty layer appear in the samples, and the 
final residuum contains a disproportionate amount 
of fat, both as the remains of the high-fat layer and 
as fatty scum adherent to the burette. 

We suggest that it is important to agitate the milk 
in the burette at least hourly to ensure that it remains 
reasonably well mixed when this type of feeding is 
used. 


Summary 


During 9 experiments simulating continuous intra- 
gastric infusion of human breast milk, variations 
in milk energy content of up to 24% occurred, the 
samples taken at the end of 8-12 hours' infusion 
being particularly energy-rich compared with earlier 
samples. Burettes should be regularly agitated 
during infusions of human milk. 
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Systemic lupus erythematosus 
presenting as chorea 


Systemic lupus erythematosus (SLE) is uncommon 
in childhood and is predominantly a female disease 
(80-90%) (McLean et al., 1975). Multisystem in- 
volvement most commonly includes skin, central 
nervous system (CNS), and kidney. CNS disease is 
present in 20 to 75% of patients (Johnson and 
Richardson, 1968; Singsen eż al., 1976) and is the 
second most common cause of death. Although 
there may be numerous presentations of CNS dis- 
ease, chorea as the initial presentation is rare; there 
are only 31 reported cases (Lusins and Szilagyi, 
1975) and few of these were children. We report a 
boy who presented with chorea and had a dramatic 
response to haloperidol. 


Case report 


An 11-year-old Caucasian boy was admitted to our 
hospital on 11 August 1976. Approximately one 
month before admission he developed an erythem- 
atous macular rash on the face, arms, and palms. 
The lesions on the arms were scaly and located more 
on the extensor surfaces. He had been treated 
symptomatically with diphenydramine (Benadryl). 

Three days before admission he noticed weakness, 
and was unable to sit well, eat, or dress himself 
because of awkward movements. His mother also 
noted emotional lability and slurred speech as well 
as facial grimacing. His history was negative and 
the family history was negative for any collagen- 
type disease. 

He weighed 51-7 kg (6-8 kg weight loss in the 
previous 4 weeks). Blood pressure was 120/70 mmHg. 
An erythematous maculopapular rash was present 
on the face in the malar areas, and on the extrem- 
ities and trunk, particularly the buttocks. On 
neurological examination he was alert, co-operative 
and oriented. His speech was slurred, and he showed 
facial grimacing, choreoathetoid movements, and 
evidence of dyskinesis. Initial blood count showed 
Hb 11-4 g/dl, haematocrit 3395, WBC 4-2 x 109/I 
with 69 75 polymorpholeucocytes, 29% lymphocytes, 
and 2% eosinophils; erythrocyte sedimentation rate 
42 mm/h; blood urea nitrogen 26 mg/100 ml 
(9.28 mmol/l). Repeat blood urea nitrogen exami- 
nations were normal. Initial LE cell preparation 
was negative, rheumatoid factor weakly positive, 
fluorescent antinuclear antibody weakly positive, 
urinalysis negative, x-ray studies within normal 
limits. Initial electroencephalogram (EEG) showed 
nonspecific slowing. Sydenham’s chorea was ruled 
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out on the basis of negative antistreptolysin O 
titres, normal electrocardiogram, normal chest 
x-ray, and a normal cardiac evaluation. 

He was started on haloperidol. 0-5 mg twice daily 
on admission. Within 48 hours his symptoms had 
dramatically cleared. Repeat EEG after 2 days of 
haloperidol was normal. He was maintained on 
haloperidol for another 7 days. After hospitalisation, 
he developed fever, particularly in the afternoon, to 
38.3-38.9 C, as well as intermittent arthralgia 
in the knees and shoulders. One week after admission 
the WBC count fell to 3-2 x 10?/l and the platelet 
count, initially normal, dropped to 100 109/]. 
Haematocrit had dropped to 30?7 and Hb to 10-6 
g/dl. Serum electrophoresis showed a reverse 
albumin/globulin ratio — globulin 37 g/l, albumin 
29 g/l, and raised y-globulin 303 g/l (normal 120- 
210 g/l). Direct and indirect Coombs's tests were 
positive. Repeat examinations of urine were negative 
and renal function studies normal. One week after 
admission his fluorescent antinuclear antibody 
changed from weakly reactive to strongly positive. 
An anti-DNA titre was also positive at this time 
(1:1200). C3 was 0-1 g/l (normal 0-55-1 -2 g/l) and 
C4 was 0-04 g/l (normal 0-2-0-4 g/l). A skin biopsy 
on 25 August showed vasculitis compatible with 
SLE (Fig.). He was started on prednisone, 60 mg/ 
day, and followed as an outpatient. 

In October 1976 he presented with high fever 
(40°C) and arthralgia. He was hospitalised and 
treated with increased doses of steroid. Antinuclear 
antibody was 1:1280 and C3 0-33 g/l. He had pyuria 






and WBC casts at this time also, but repeat urine 
cultures were negative. Six months after the initial 
diagnosis his urine began to show protein, cells, and 
casts. The urine sediment continues to be positive 
but renal function studies are within normal limits. 
He continues to manifest active disease as deter- 
mined by raised antinuclear antibody levels and 
depressed complement (C3, C4). 


Discussion 


This child demonstrated an acute onset of chorea 
as a presentation for SLE. His symptoms drama- 
tically resolved with haloperidol within 48 hours and 
the EEG returned to normal. Haloperidol has been 
given to adults with SLE for chorea with dramatic 
improvement (Fermaglich et al., 1973). Our patient, 
at the time of diagnosis, did not manifest renal 
disease. It has been suggested that renal and CNS 
involvement occur together infrequently (Singsen 
et al., 1976). The depressed complement levels, we 
feel, reflect CNS and skin involvement. Our patient 
also had a low C4 which may correlate with CNS 
lupus as shown by Halder et al. (1973). 


Summary 


A child presenting with chorea developed the full 
clinical and laboratory findings of systemic lupus 
erythematosus after hospitalisation. He responded 
dramatically to haloperidol. 6 months after diag- 
nosis he began to manifest renal involvement. 


tandi A F ig. Skin biopsy obtained on 25 
guam August 1976 showing evidence 
"= of vasculitis. X 200. 
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Serum 25-hydroxyvitamin D levels 
in thalassaemia 


In patients with hepatic dysfunction low levels of 
serum 25-hydroxyvitamin D (25-OHD) have been 
reported (Hepner ef al., 1975; Long et al., 1976; 
Olson et al., 1976; Wagonfeld et al., 1976). These 
authors stress the importance of further studies in 
order to correlate the low levels of serum 25-OHD 
in cirrhotic patients with their bone lesions. It is well 
known that thalassaemic children have bone lesions 
and hepatosplenomegaly with evidence of hepatic 
dysfunction in some cases. This led us to investigate 
serum 25-OHD in thalassaemia. 


Material and methods 


Our patients were 36 children, 20 boys and 16 girls, 
with homozygous 6-thalassaemia aged from 5 to 
15 years, and 27 controls (19 boys, 8 girls) with the 
same age range. The controls were chosen from 
children coming to the hospital for tonsillectomy or 
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adenoidectomy. In the thalassaemic children blood 
specimens were taken at least 10 days after the last 
blood transfusion and haemoglobin was above 
8 g/dl. 

25-OHD was estimated in the serum of all child- 
ren by the competitive protein-binding assay as 
described by Edelstein et a/. (1973). Venous blood 
(7 ml) was taken in both groups for routine hae- 
matological examination and part of the specimen 
was used for this study. Serum was separated about 
half an hour after collection, kept at —20°C, and 
estimations were performed not later than 7 days 
after collection. 

Blood specimens were collected between the begin- 
ning of April and the end of October 1976. We 
considered as the winter period the first 3 months of 
observation (1 April-30 June) and the summer period 
the last 4 months (1 July-31 October). 


Results 


Table 1 gives the mean values and standard devia- 
tions of serum 25-OHD in thalassaemic and control 
children. As the table shows, thalassaemic children 
had lower levels of serum 25-OHD than controls 
(t=2-4, P<0-01). 

Table 2 gives the seasonal variation of serum 
25-OHD in both groups. Serum 25-OHD is 
lower in thalassaemic patients than in the 
control group at both winter and summer periods. 
(Winter t=3-7, P<0-0025; summer t=1-7, P 
— 0-05.) Serum levels of 25-OHD in both groups 
were higher during summer. In the thalassaemic 
group this difference was more marked (t=2-9, 
P —0-005). 


Table 1 Serum 25-OHD in control and thalassaemic 
children 
No. of cases Serum 25-OHD 
(ng/ml) 
(mean+SD) 
Controls 27 18-6+8-6 
Thalassaemic children 36 12-8+9-9 


Table 2 Seasonal variation of serum 25-OHD in the 
two groups 


Serum 25-OHD 
(ng/ml) (mean+ SD) 





Winter period Summer period 


Controls 14:04- 5.4 20.8-4-9.0 
(9) (18) 

Thalassaemic children 5.6--4.4 15-5+10-0 
(10) (26) 


Number of patients in parentheses. 
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Two factors responsible for the levels of 25-OHD 
in the serum are the dietary intake of vitamin D and 
the exposure to sunlight. The first would not account 
for the difference between controls and thalassaemic 
children because the dietary intake of vitamin D 
was the same in both groups. The second accounts 
only for the differences in both groups between the 
values in summer and winter and confirms the find- 
ings of Stamp (1973) that there are seasonal vari- 
ations in serum levels of 25-OHD in healthy subjects. 
A further reason for the low levels of 25-OHD may 
be an impairment of the hydroxylation of vitamin 
D in the liver. This was not present in the thal- 
assaemic children, however, because the marked 
increase of the serum levels during the summer shows 
that this function of the liver was not severely im- 
paired. 

The remaining factor therefore is malabsorption 
of vitamin D from the gut of thalassaemic children. 
During winter the main source of vitamin D is 
food and an impairment of absorption can cause 
low values of 25-OHD in the serum, while during 
summer the body does not need this source. It 
has been shown that in primary biliary cirrhosis 
there is impaired absorption of vitamin D (Comps- 
ton and Tompson, 1977; Skinner et al., 1977) and it 
is likely that a similar mechanism operates in thal- 
assaemia. These findings suggest that the bone 
lesions found in thalassaemic children may be 
related in part to vitamin D deficiency and that 
further investigation is necessary. 


Summary 


Serum 25-hydroxyvitamin D levels were measured 
in 36 thalassaemic children and 27 controls aged 
5-15 years. Blood specimens were collected from the 
beginning of April until the end of October 1976. We 
considered as the winter period the first 3 months and 
the summer period the last 4 months. We found 
that (a) thalassaemic children had lower levels of 


serum 25-hydroxyvitamin D than controls; (b) 
there was a seasonal variation of serum 25-hydroxy- 
vitamin D in both groups; and (c) the thalassaemic 
children had malabsorption of vitamin D. We 
suggest that the bone lesions in thalassaemic child- 
ren are related to vitamin D deficiency. 


We thank Dr S. Edelstein, PhD, for advice, and the 
National Research Institute for financial support. 
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Effect of bucolome in preterm infants 


Sir, 
Segni et al. (Archives, 1977, 52, 549) reported the preven- 
tion of hyperbilirubinaemia in premature infants by 
bucolome. The effect of bucolome on hyperbilirubin- 
aemia in Gilbert’s syndrome was well established by 
observation of about 30 cases of thesyndrome(Yamamoto 
et al., 1974). However, as for the mechanism of the effect, 
we found that bucolome showed no induction of liver 
microsomal enzymes (Adachi and Yamamoto, 1976) but 
did show a strong tendency to dissociate bilirubin from 
serum albumin (Yamamoto and Adachi, 1974). This 
dissociation was shown in vivo in Gunn rats, and in vitro 
using human albumin and red cells. 

We believe, therefore, that although bucolome is 
useful in cases of Gilbert's syndrome, it should not be 
further tried in premature infants. 


TOSHIO YAMAMOTO and 

YUKIHIKO ADACHI 

Department of Medicine, 

Kinki University School of Medicine, 
Sayama-Cho, Minamikawachi-Gun, 
Osaka, Japan. 


Dr. Romagnoli and co-workers comment: 


We are indebted to Drs Yamamoto and Adachi for their 
preciseness about the different mechanism of action of 


(Yamamoto et al., 1974; Adachi and Yamamoto, 1976). 
However, our results suggest that the mechanism of 
serum bilirubin reduction induced by bucolome in man is 
different from the one reported by Yamamoto and by 
Semba in Gunn rats (Yamamoto and Adachi, 1974; 
Semba et al., 1975). In fact bucolome administration 
to Gunn rats reduces serum bilirubin rapidly, while 
our results show that bucolome does not reduce 
serum  bilirubin significantly in newborn infants 
during the hours after oral administration; its effect is 
delayed for about 48 hours. Moreover, serum bilirubin 
continues to fall after discontinuation of treatment. 
Our results agree with those of Baba (1972/73) in 
term newborns, and are not consistent with the hypo- 
thesis that the mechanism of action of bucolome in man 
is the displacement of bilirubin from the plasma compart- 
ment to the cellular one, as shown in Gunn rats. 

We have studied the effect of bucolome on albumin- 
bilirubin binding capacity in a group of 20 healthy 
newborn infants with nonhaemolytic jaundice in the 
first 5 days of life. The evaluation of albumin-bilirubin 
binding capacity was done by gel filtration technique 
(Kernlute test, Ameis-Yissum, Jerusalem, Israel) 
before and after oral administration of a single dose of 
15 mg/kg bucolome corresponding to the dosage of 
30 mg/kg per day that we used in our previous study. 
The results of the study are given in the Table. 

Our experience does not absolutely exclude a reduction 
of albumin-bilirubin binding capacity caused by bu- 


bucolome compared with phenobarbital in animals colome; nevertheless it shows that, if there is such a 
Table 
—————————————————————————— 
Case no. Sex Weight (g) Gestational Total serum bilirubin Serum Kernlute test 
age (w) (mg/100 ml) albumin 
(g/l) Before 6-8 h after 
Before 6-8 h after bucolome bucolome 
bucolome bucolome 

NENNEN NN ERE iid Mdb VT ——— ncc o 
| F 3300 40 10-2 11-4 38-7 Neg* Neg 

2 F 2930 39 12-8 11-4 36-6 x M 

3 F 2920 38 13-3 13-5 35.1 xs " 

4 F 2500 36 16-3 14-5 35-3 M xs 

5 M 2400 35 14.8 15-2 34-2 vi v 

6 F 3680 38 12-8 13-5 33-0 T e 

7 M 3400 38 18.9 16-8 34-1 = à 

8 F 3100 40 13.5 14-0 31-2 - is 

9 F 3450 39 16-3 14-2 32-1 e x 
10 M 3560 39 13.2 18-9 35.1 e " 
11 F 4070 40 15.4 17-1 35-9 " ee 
12 M 3180 40 15-5 15-6 36-4 " i 
13 F 3900 39 14-1 12-4 38-0 a - 

14 F 2460 37 10-4 10-3 34-2 5 i 

15 M 3260 40 17-2 15-9 33-7 is à 

16 F 3100 39 10-9 12-1 37-0 " - 

17 F 3100 38 14-8 13-9 36-0 ia m 

18 M 3480 40 12-8 11-9 33.1 - m 

19 M 2110 36 2.5 4-9 32-0 x " 
20 F 2130 32 9.2 10-2 33.0 K 


*Albumin-bilirubin binding capacity >5 mg/100 ml. 


Conversion: Traditional units to SI—Bilirubin: 1mg/100 ml œ 17-1 pmol/l. 
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reduction, it is not clinically significant in our experi- 
mental conditions because the albumin-bilirubin binding 
capacity always remained greater than 5 mg/100 ml in any 
case. Further, the babies included in our study are being 
followed-up; and we have not so far seen any significant 
neurological damage in infants treated with bucolome. 

In conclusion we think that the mechanism of action of 
bucolome is not clear and needs further investigation in 
vivo. Meanwhile we consider that bucolome should not 
be used therapeutically in newborn infants with high 
levels of serum bilirubin because of the possibility of 
reduction in albumin-bilirubin binding capacity and 
because its effect is slow. On the contrary, in the pro- 
phylaxis of hyperbilirubinaemia bucolome should be 
used only when there is careful control of the albumin- 
bilirubin binding capacity during treatment. 


G. SEGNI, G. POLIDORI, and C. ROMAGNOLI 
Clinica Pediatrica, Università Cattolica 

S. Cuore, Largo A. Gemelli 8, 00168 Rome, 
Italy. 
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Protracted diarrhoea in infancy 


Sir, 

We read with great interest the article by Larcher et al. 
(Archives, 1977, 52, 597) and would like to comment on 
several points. The authors included patients diagnosed 
as having secondary disaccharide intolerance in category 
1, those with a specific diagnosis. Secondary disaccharide 
intolerance, as its name implies, is secondary to an insult 
which causes small intestinal mucosal damage with 
secondary disaccharidase deficiency. We think that this 
entity should be included in category 2 where no cause 
for the diarrhoea could be established. 

In the past year we have treated 14 infants with a 
diagnosis of protracted diarrhoea in infancy. The 
diagnosis was made according to the criteria of Avery 
et al. (1968) with modification regarding the age of the 
patient. All had variable disaccharidase deficiencies, 
documented by specific enzyme assays done on jejunal 
biopsy material. We believe that if more patients in 


category 2 had had jejunal biopsies and disaccharidase 
activity determination, the number with secondary 
disaccharidase deficiencies (made apparent with appro- 
priate tolerance tests) would be far greater than was 
found by Larcher et al. 

The small intestinal biopsy is an important tool in 
diagnosis as well as in determining modes of treatment; 
namely, parenteral hyperalimentation versus some modi- 
fication of an elemental diet (Branski, 1978). 


D. BRANSKI, 

T. F. HATCH, and 

E. LEBENTHAL 

Division of Gastroenterology, 
Department of Pediatrics, 
Children's Hospital of Buffalo, 
Buffalo, N Y 14222, USA. 
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Dr Larcher and co-workers comment: 


We welcome the letter of Drs Branski, Hatch, and 
Lebenthal. In the main they comment on two important 
issues. We agree, of course, that clinical intolerance to 
disaccharides may be a primary or secondary pheno- 
menon, and that it can be related to a variety of patho- 
physiological events. We assumed that this would be 
evident to readers when categorising our patients. 

Clinical intolerance to disaccharides is not synonymous 
with the in vitro activity of the substrate-specific enzyme 
activity assayed in intestinal biopsies obtained from the 
proximal small gut. Hydrolysis of ingested oligosaccharides 
is an extremely efficient physiological process, and clinical 
intolerance of ingested oligosaccharides will only occur 
when there is extensive reduction in the brush 
border membrane activity of  disaccharidases. In 
clinical practice the important issue is whether ingested 
sugars provoke gastrointestinal symptoms, not what the 
activity of a particular enzyme is in an in vitro laboratory 
assay system. Our category 2 patients did not clinically 
respond to elimination of disaccharides from their diets. 
This does not necessarily imply that they were not in- 
tolerant to disaccharides, but does indicate that other 
pathophysiological factors were operating in the genesis 
of the protracted diarrhoea. 

We also agree that small intestinal biopsy can be a very 
useful procedure in the diagnosis and management of 
protracted diarrhoea in infancy. It should be stressed, 
however, that a biopsy is not mandatory to the diagnosis 
and management of very sick infants with protracted 
diarrhoea, and that an empirical approach based on 
currently available knowledge is sometimes unavoidable. 
The procedure is not without risk in severely malnourished 
infants such as those reported in our publication. Un- 
fortunately a detailed diagnostic work-up is not always 


possible in such patients and a precise diagnosis may or 
may not be achieved, even in retrospect. The patho- 
physiological processes operating in a proportion of 
infants with protracted diarrhoeal states remain a 
challenging area for future research, and we look forward 
to reading the publication which Dr Branski and col- 
leagues have in press. 


V. F. LARCHER, 

R. SHEPHERD, 

D. E. M. FRANCIS, and 
J. T. HARRIES 

Institute of Child Health, 
30 Guilford Street, 
London WCIN IEH. 


Limitations of the sweat test 


Sir, 

We are in agreement with Schwarz et al. (Archives, 1977 
52, 870) when they state that the sweat test has some 
limitations in the diagnosis of cystic fibrosis (CF) and 
that the diagnosis is not iustified on the basis of an 
abnormal sweat test unless there is other supporting 
evidence of the disease. We also agree that there is a 
‘grey area’ of sweat Na and CI levels which we would 
class as between 50 and 70 mmol/l (50, 70 mEq/l). How- 
ever, there are some aspects of their paper which cause 
us concern. 

We feel the summary at the beginning of the paper is 
somewhat misleading, especially to those who do not 
carefully read beyond. From the text, one sees that the 
30 patients referred to in the summary as giving equivocal 
sweat Na concentrations represent only 1:5% of patients 
tested in their laboratory, the total being some 2000. 
As the remaining 98-5% of patients did not give rise to 
diagnostic difficulty, it is clear that the ‘sweat test’ is still 
highly discriminatory, probably to the degree of any 
such test. 

In our experience a much greater problem of sweat 
test accuracy occurs in hospitals where the test is carried 
out on a very much smaller number of patients and where 
the laboratory has a much lesser degree of experience than 
that of the authors. We have had a significant number 
of patients referred to our regional children's hospital 
who have had abnormal sweat electrolyte measure- 
ments elsewhere, but unequivocally normal measure- 
ments when repeated by a laboratory carrying out a large 
number of tests. Anderson and Goodchild (1976), in their 
recent monograph, stress the difficulties of carrying out 
an accurate test and describe some of the errors of 
technique which on inquiry we still find to be common 
practice, e.g. inexperienced house officers carrying out 
the collection of sweat rather than experienced laboratory 
or nursing personnel. We agree with the authors that 
factors other than technique may affect sweat electrolyte 
levels but feel that these are not significant when compared 
with the variation produced by errors in performance of 
the test. 

We have not needed to go to the extent of serial 
collections of sweat and of giving spironolactone as 
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have the authors. If we obtain a test within the 'grey 
area’ on repeated. occasions, we carefully seek other 
evidence of the disease, particularly evidence of pancreatic 
disease. This may be obvious from the presence of 
steatorrhoea of pancreatic type as described by Anderson 
and Goodchild (1976), but if steatorrhoea is not present 
(about 10-15% of cases) we should then carry out detailed 
pancreatic function studies with pancreozymin and 
secretin stimulation. Hadorn et al. (1968) and others 
have shown that, although enzyme secretion may be 
sufficient to prevent steatorrhoea in some patients, the 
volume of duodenal fluid and its bicarbonate content are 
always low and neither increases to a normal extent after 
injection of secretin. This investigation, together with a 
detailed and critical clinical appraisal, has invariably 
clarified the diagnosis in our patients with equivocal 
sweat Na and Cl levels. We do not see evidence that 
Schwarz et al. have investigated pancreatic function in 
such detail although they may have done in some of their 
‘equivocal’ patients. We wonder whether in Cases 14 and 
26 detailed studies might not show some abnormalities. 
Case 12, where sweat Na is repeatedly raised, is stated to 
have normal pancreatic function but no details of the 
method of assessing this are given. We also wonder why 
Cases 23, 24, and 25 are included in Table 2 as they 
seem to have good criteria for the diagnosis of CF at 
present and even when first seen. 


CHRISTINE A. SMALLEY, 
and D. P. ADDY 
Department of Paediatrics, 
Dudley Road Hospital, 
Birmingham BI8 7QH 
CHARLOTTE M. ANDERSON 
Institute of Child Health, 
Francis Road, 
Birmingham B16 SET 
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Dr Schwarz and co-authors comment: 


We agree with Professor Anderson and co-workers that 
the sweat test is as good a diagnostic test for CF as any, 
or better. We also concur with their restatement of the 
well-known fact that the sweat test is badly performed in 
many hospitals, so yielding far more unreliable results 
than those due to uncertainties inherent in the test and 
discussed in our paper. 

We do not advocate the general use of spironolactone; 
the merit of this drug in our experiments on certain 
patients was merely to support our suspicion of temporary 
hyperaldosteronism, a condition which might have led to 
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erroneous conclusions in the absence of K or Cl deter- 
minations. We can now accept that a sweat [Na] of 59 
coupled with a [K] of 40 mEq/l (Case 34) is more likely 
to be indicative of CF than the same [Na] on its own. 

Case 26 is indeed regarded to have CF, the absence of 
steatorrhoea and failure to perform intestinal intubation 
owing to the patient's poor clinical condition accounting 
for the question mark in our table. However, the really 
noteworthy aspect of this case, to which we wished to 
draw attention, is the variability of the sweat [Na] in 
competent laboratories from 31 to 81 on different 
Occasions. Cases 12 and 14 also show remarkable 
variability and here the diagnosis of asthma is based on 
the consensus of experienced paediatricians on the 
clinical evidence. Duodenal aspiration on Case 12 
showed a pH of 7-0 and normal trypsin and amylase 
levels. 3-day faecal fat excretion was 4 mmol/day. She 
had eosinophilia and serum IgE levels in excess of 
4000 ng/ml. 

Cases 23, 24, and 25 are regarded as CF and the 
reason for their inclusion in our table is the relatively 
low sweat [Na] in one test in each case. A value of 71 
mEq/l in a 12-year-old child (Case 23) is not only 
fairly common but compatible with normal, or possibly 
heterozygous, status which can be seen in the case of a 
perfectly healthy 12-year-old sibling of a CF child, with 
sweat [Na] of 70 and 75 (Case 27). 


V. SCHWARZ, A. S. AHUJA, and 

Naomi I. M. SIMPSON 

Department of Medical Biochemistry, 
University of Manchester Medical School, 
Stopford Building, Oxford Road, Manchester 
M13 9PT 


CSF acid-base changes after 
convulsions 


Sir, 
In Dr H. Simpson's interesting and detailed articles 
CArchives, 1977, 52, 836, 844) he does not give the exact 
ages of the children. Many were in the period of active 
brain growth defined by Ounsted and Taylor (1971), 
which is earlier for girls but both sexes are at risk from 
6 months, and this extends in boys up to 18 months. At 
this time the vulnerable brain is developing special cells, 
probably with maturation of specific enzyme systems, and 
localised damage (for instance to the Sommer sector in 
the hippocampus) might be caused by chemical poisoning 
by lactic acidosis to these systems. In a series of 40 
children who underwent temporal lobectomy for intract- 
able drug-resistant temporal lobe epilepsy, Davidson and 
Falconer (1975) found that of the 20 children who had 
mesial temporal sclerosis affecting the hippocampus, 83 % 
had had prolonged febrile convulsions in infancy. Most 
had convulsed for much longer than 30 minutes and 
many had repeated severe convulsions. 

Presumably the rise in lactic acid produced by tonic/ 
clonic contractions of nearly all muscle groups is depen- 
dent on the severity and duration of the convulsions. 


Focal or intermittent seizures might not be so dangerous. 

In a healthy child seizures are followed by sleep, relaxa- 

tion of muscles, and rapid metabolism of excess lactic 

acid. It is reassuring that seizures controlled within 30 

minutes are not followed by lasting metabolic upset. In 

such young children one is always worried about the risk 

of the next febrile convulsion being prolonged and pro- 

phylaxis with anticonvulsants and prompt treatment of 
fevers is most worthwhile. 

SERENA DAVIDSON 

Westminster Children’s Hospital, 

Vincent Square, 

London SWIP 2NS. 
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Prostaglandin-induced ulcerative 
colitis in Bartter's syndrome 


Sir, 

The article by Dodge et al. (1977) describing a patient 
with persistent diarrhoea and raised levels of prosta- 
glandins PGF,x and PGE, follows a similar report 
(Barrowman ef al., 1975) of a man with medullary 
carcinoma of the thyroid who had severe diarrhoea, also 
with high serum concentrations of PGF, and PGE,. We 
report our experience with a similar child with Bartter's 
syndrome. 

The child developed moderate to severe diarrhoea over 
3 years of observation. The clinical course and findings 
on barium enema were consistent with the diagnosis of 
ulcerative colitis. However, steroid therapy produced no 
improvement. We recently administered indomethacin as 
a prostaglandin synthetase inhibitor and this led to a 
marked resolution of the renal disturbances typical of 
Barrter's syndrome. Equally interesting was the complete 
remission of his colitis, with formed stools observed on a 
dose of 2 mg/kg per day of indomethacin. The steroids 
were reduced and discontinued without subsequent 
relapse. 

Prostaglandins are known to have a cholera toxin-like 
action on the gastrointestinal mucosa (Pierce et al., 1971; 
Bennet, 1971) as well as effecting increases in gastro- 
intestinal mobility. These case reports should alert 
clinicians that perhaps some chronic idiopathic diarrhoeas 
can be specifically diagnosed and treated as conditions 
due to prostaglandin excess. 


Jose R. SALCEDO and LEwis HARDEN 
Department of Nephrology, 

Children’s Hospital National Medical Center, 
III Michigan Avenue NW, Washington, 

DC 20010, USA. 
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Dr J. Dodge and co-workers comment: 


We were interested to read of the experience of Drs 
Salcedo and Harden and their rather unusual patient with 
Bartter’s syndrome, in which condition constipation 
rather than diarrhoea is more often encountered. It seems 
that the child also had ulcerative colitis, although it 
would have been helpful to have had biopsy and sigmoi- 
doscopic confirmation of the x-ray appearances. Some 
workers believe that part of the effectiveness of sulpha- 
salazine in ulcerative colitis is due to its action as a 
prostaglandin synthetase inhibitor (Gould, 1975). 

Hypertrophy of the juxtaglomerular apparatus occurs 
in Bartter’s syndrome, in response to peripheral insensi- 
tivity to angiotensin. An association between blood 
pressure problems and diarrhoea was observed in an adult 
patient with postural hypotension and persistent 
diarrhoea. She had a good response to aspirin, suggesting 
that the diarrhoea was prostaglandin-induced (Smythies 
and Russell, 1974). 

As far as cholera is concerned, there is still doubt and 
controversy about the role of prostaglandins. There is no 
doubt, however, that these substances have very potent 
effects upon the gut and may well be involved in the 
pathophysiology of a number of disorders in which 
diarrhoea is a prominent symptom. 
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J. A. Dopce, I. HAMDI, and SHEILA WALKER 
Department of Child Health, 

Welsh National School of Medicine, 

Heath Park, Cardiff CF4 4XN. 
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Book reviews 


Neurological Development in the Full- 
Term and Premature Neonate. By S. Saint- 
Anne Dargassies. (Pp. 323; illustrated -+ 
tables. US$68.95.) Excerpta Medica: 
Amsterdam, London, New York. 1977. 


The Neurological Examination of the Full- 
Term Newborn Infant. 2nd edition. By 
Heinz F. R. Prechtl. Clinics in Develop- 
mental Medicine No. 63. (Pp. 68; illus- 
trated. £4.25.) Heinemann: London; 
Lippincott: Philadelphia. 1977. 

For more than a quarter of a century S. 
Sainte-Anne Dargassies has been studying 
the neurological development of the 
newborn infant. Now the up-to-date 
results of her observations and experience 
have been made available in English, 
following the translation by Humbert 
Smith of the original 1974 edition in 
French. The book is divided into three 
sections. The first two deal successively 
with the neurophysiological development 
of term and preterm infants, while the 
third is devoted to the neurological 
assessment of gestational age. The tech- 
niques of observation and analysis are 
described in detail. No one reading this 
book can fail to appreciate the meticulous 
care and patience on which the work is 
founded, or fail to have their observa- 
tional horizons widened with respect to 
clinical examination of the newborn. 
Medical libraries and neuropaediatricians 
will undoubtedly wish to purchase this 
book. 

However, most practising clinicians 
concerned with the newborn would be well 
advised first to purchase and read the 2nd 
edition of Heinz Prechtl’s Neurological 
Examination of the Full-Term Newborn 
Infant, which has also just been published. 
This primer in the art of baby watching is 
only 68 pages long, but most admirably 
and precisely describes and illustrates all 
the techniques needed for making a 


detailed assessment of central nervous 
system function at birth. The importance 
of this subject cannot be over-emphasised. 
As Dr Ronald Mac Keith has written in 
the preface: ‘The history tells of the risk, 
but only the neurological examination can 
tell the state of the brain's functioning . . .’, 
and hence give us insights into aetiology, 
prognosis, and ultimately, we hope, 
prevention of cerebral disorders arising in 
the perinatal period. 

P. M. DUNN 


Child Abuse and Neglect Case Studies. By 
Abe R. Fosson and Otto Kaak. (Pp. 196; 
illustrated; paperback £7.50.) Kimpton: 
London. 1977. 


"The self-perpetuating cycle of child abuse 
and neglect must be broken—let’s do it 
this generation.’ This sentence from the 
authors' preface will give an impression of 
the flavour of the book with its authors' 
enthusiastic approach and touch of pro- 
selytising zeal. 50 actual cases are analysed ; 
they bring out vividly the complex and 
often bizarre circumstances in so many 
stories of child abuse. Although the scene 
is American (the authors work in Ken- 
tucky), the picture emerging differs little 
from that to be found in Hackney, 
Mersevside, or Glasgow. Abused children 
everywhere are apt to fall tragically 
between the provisions of the medical and 
the local social services, and to present 
repetitive kinds of dilemmas; for instance, 
if, when, or how the police and the law 
should be invoked. Authenticity of the 
case histories here related is enhanced by 
the fact that as happens in practice, many 
end with no clear cut and tidy final 
conclusion as to what precisely did happen, 
so that action has perforce to be based on 
the reasonable guess rather than taken 
with the comfort of certainty. 
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The reader's interest is maintained | 
the novel device of interpolating in tl 
case histories numerous quizzes, the read 
being invited to choose from a series | 
possible interpretations or actions. In th 
way he can test his own ability correct 
to handle cases where child abuse 
suspected. I was thereby proved manifest 
shaky on the technical procedures appri 
priate in cases of alleged rape or of inces 
but was also provoked to disagree warm: 
with some of the authors’ other choice 
(Fig. 2.2 for instance surely shows flagrat 
rickets not, as stated, osteomalacia). 

Child abuse, in the widest sense, seem 
to be occupying an increasingly larg 
proportion of the paediatrician's time 
Most of us are acutely aware of our lac 
of training in this difficult, inevitabl 
disagreeable, yet important field. Th 
authors' provision of a useful means o 
educating ourselves is to be thoroughl: 
welcomed. 

DOUGLAS GAIRDNEI 


Shorter notices 


Progress in Medical Virology. Edited b: 
Joseph L. Melnick. (Pp. viii + 212 
illustrated + tables. US$44-00.) Karger 
Basel. 1977. 


This volume contains several chapters o 
relevance to paediatricians: the Eradica 
tion of Smallpox; Congenital CMVW 
Disease—Is Prevention Possible? Vira 
Vaccines. 


Pediatric Radiology. Case Studies. By 
Howard A. Wexler and Catherine A. 
Poole. (Pp. 377; illustrated. £11.25.) 
Kimpton: London. 1977. 


One of a useful series of do-it-yourself 
educators, but the standard of reproduc- 
tion of the x-rays hardly seems adequate. 
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Review article 


Rotavirus gastroenteritis 


JOHN WALKER-SMITH 
From Queen Elizabeth Hospital for Children, London 


Gastroenteritis in childhood, especially in infancy, 
continues to be an important problem both in 
developed and developing communities. In fact, in 
these latter communities it assumes enormous 
importance in regard to both mortality and 
morbidity. It has been estimated that in 1975 
approximately 500 million episodes of diarrhoea 
occurred in children in Asia, Africa, and Latin 
America, resulting in 5 to 18 million deaths in that 
year (Rohde and Northrup, 1976). 

Despite the size and enormous importance of this 
problem, it is remarkable that up until the beginning 
of this decade known bacterial pathogens could only 
be identified in the stools of less than 205; of children 
with acute gastroenteritis in developed communities 
and less than 50% in most developing communities. 
Thus, in large part, acute gastroenteritis in infancy 
and childhood was a disease of unknown origin. 

The children in whom stool culture failed to yield 
a known bacterial pathogen were often loosely 
spoken of as suffering from ‘viral gastroenteritis’, 
although there were few hard data published upon 
which to base such an assertion. There had been 
extensive studies in North America from the 1950s 
onwards searching for a viral aetiology, but although 
these had shown that adenoviruses and echoviruses 
could be cultured from the stools of infants with 
gastroenteritis, they could also be cultured from 
many healthy controls. Most workers in Britain 
considered that a viral aetiology for gastroenteritis 
was unproven. 

Then in 1973 came the first real breakthrough in 
this field, when Bishop and her colleagues in 
Melbourne identified viral particles within the 
enterocytes of the duodenal mucosa taken by biopsy 
from 6 of 9 infants with acute gastroenteritis. 
Rapidly and independently, Flewett and colleagues 
in Birmingham (1973), and Bishop's group in 
Melbourne (Bishop et al., 1974) described techniques 
to identify virus particles in the stools of children 
with acute gastroenteritis, using the electron micro- 
scope. These findings were rapidly confirmed in a 
number of countries, both developed and developing. 
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Then a ‘battle’ began, which is not yet completely 
resolved, of terminology in relation to naming the 
virus particle. Orbivirus, rotavirus, reovirus-like 
agent, human reovirus-like agent (HRVL), duo- 
virus, and infantile gastroenteritis virus (IGV) all 
are names which have been used to describe the 
same particle. At present it seems that rotavirus is 
the most durable name. 


Virus morphology 


The virus particle found in the stools of children with 
acute gastroenteritis is morphologically identical to 
the virus particles found in the stools of infant calves 
with acute diarrhoea. The virus occurs in two forms. 
One is about 70 nm in diameter with a double- 
shelled capsid structure having a sharply defined 
circular outline with the appearance of a rim of a 
wheel, hence the Latin name, rota, a wheel. Then 
there are smaller rougher particles which appear to 
be viruses which have lost their outer shell and are 
about 60 nm in diameter. Empty shells are frequently 
seen. Electron microscopy may show large numbers 
of virus particles packed together or scattered virus 
particles. Concentrations of >10® particles per ml 
are necessary for the agent to be seen (Tan ef al., 
1974). 


Pathogenicity of rotavirus 


Flewett (1976) pointed out that one can hardly hope 
to fulfil all Koch's postulates before accepting a 
virus particle found in the stool as a pathogen. He 
listed some of the evidence that may reasonably be 
expected. Some of these are fulfilled for this particle 
and include the following. 

(1) Particles found in material from patients with 
the disease but not from patients with other unrelated 
diseases. This in general appears to be true so far for 
rotavirus. 

(2) Prevalence of a particle in the population 
coincides with the prevalence of the disease. Again 
this appears to be true outside the neonatal period. 
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Davidson et al. (1975a) found no particles in controls. 
Rodriguez et al. (1977) found them in 8% of 76 
control children. 

(3) Presence of the particle corresponds with the 
duration of the disease. Studies to date in general 
support this. 

(4) Purified particles induce the disease in adult 
volunteers or experimental animals. Infection induced 
in an adult volunteer has been shown by Middleton 
et al. (1974), and infection has been transmitted to an 
infant monkey (Lambeth and Mitchell, 1975). 
Rotavirus has been identified by electron microscopy 
in the duodenal mucosa, duodenal juice, and stools 
of children with acute gastroenteritis, but only 
occasionally in controls. Thus, at present there 
appears to be enough evidence to suggest that rota- 
Virus is a significant pathogen causing gastroenteritis. 
This whole subject has recently been excellently 
reviewed by Schreiber et al. (1977). 


Seasonal prevalence and geographical 
distribution 


Rotavirus has been found both in sporadic cases and 
in epidemic outbreaks of acute gastroenteritis in 
childhood. Reports have come from the developed 
world including Australia, Europe, and North 
America but also from developing communities in 
Africa and Asia. Its worldwide distribution suggests 
that it is a pathogen of major importance. Charac- 
teristically this agent has been identified in the stools 
of children during the winter peak of gastroenteritis. 
A winter peak in the prevalence of nonbacterial 
gastroenteritis has been known for some time in 
developed countries both in the northern and southern 
hemisphere. As long ago as 1929, Zahorsky described 
winter vomiting disease, and more recently two 
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winter epidemics of nonbacterial gastroenteritis have 
been described in north-west London (Sinha and 
Tyrrell, 1973). A study of monthly admissions to a 
gastroenteritis unit in Sydney from 1961 to 1972 
showed the sudden appearance of a winter peak in 
hospital admissions in 1964, which persisted in 
subsequent years (Walker-Smith, 1975). 

An association between this winter peak and rota- 
virus in the stools has now been reported from 
Melbourne (Davidson ef al., 1975a) Toronto 
(Hamilton et al., 1976), Washington (Kapikian et al., 
1976), Birmingham (Flewett et al., 1973), and 
London (see Table 1), i.e. in cold and temperate 
climates. The peak prevalence may approach 80% 
among infants and young children during the winter 
months in North America (Kapikian et al., 1976; 
Hamilton et al., 1976). In some reports the virus is 
not found at all during the summer months but in 
others it falls to about a 20% level. Maiya et al. 
(1977) found rotavirus in 13 of 50 children in tropical 
southern India (26%), the virus being found only 
during the cooler months of the year. In a recent 
study in semitropical Northern Australia, A. C. 
Walker and W. C. Marshall (personal communica- 
tion, 1977) have shown that infections occurred 
predominantly in the rainy season; 50% of children 
admitted to Darwin hospital with gastroenteritis in 
the ‘wet’ season were found to have serological 
evidence of rotavirus infection in contrast to only 
13% of the children admitted in the ‘dry’ season 
Thus, it is clear that seasonal variation may have a 
profound effect on the prevalence of this infection. 


Pathology 
Rotavirus particles have been identified by electron 


microscopy in the small intestinal mucosa of children 
with acute gastroenteritis by studies in Australia 


Monthly admissions to the gastroenteritis unit at Queen Elizabeth Hospital for Children 
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Total GE Sex Ent E. coli Shigella Salmonella Stools for Rota* % Stools 
EM* examined 
M F 

August 1976 33 19 14 3 — 2 Ff 0 0 
Sept 26 13 13 4 — 5 12 I 8 
Oct 28 18 10 1 — 4 10 4 40 
Nov 50 19 31 2 1 1 25 9 36 
Dec 58 31 27 2 3 1 36 11 30 
Jan 1977 67 42 25 2 2 1 36 18 50 
Feb 52 25 27 2 — I 26 13 50 
Mar 56 32 24 I 0 0 21 3 14 
April 44 25 19 4 l 0 10 2 20 
May 40 21 19 4 l 0 8 I 12 
June 50 27 23 0 0 I 24 3 12 
July 40 25 15 0 3 1 12 0 0 
Total 544 297 247 25 11 17 227 65 28 


*Stools examined for rotavirus at London School of Hygiene and Tropical Medicine by Dr R. Bird. 
GE = gastroenteritis; Ent E. coli = enteropathogenic E. coli; EM = electron microscopy. 


(Bishop et al., 1973; Holmes et al., 1975), Canada 
(Middleton et al., 1974), and Japan (Suzuki and 
Konno, 1975). They were found in the epithelium of 
the villus and the crypts (Hamilton et al., 1976). 
With the exception of the Japanese report, the 
particles have not been found in the lamina propria. 
Rotavirus was found in the enterocytes of 6 from 9 
children with acute gastroenteritis, biopsied by 
Bishop et al. (1973), 1 to 5 days after the onset of 
symptoms. All biopsies showed histological abnor- 
mality ranging from mild to severe but the intra- 
epithelial lymphocyte count was normal (Ferguson 
et al., 1976). 

The virus particles in the enterocytes were found 
in distended cisternae of the endoplasmic reticulum 
and in the cisternae between the inner and outer 
nuclear membranes. The microvilli were often 
irregular and distended. Abnormal infected entero- 
cytes were found scattered among enterocytes which 
were morphologically normal. The histological 
abnormality had reverted to normal and the virus 
particles had disappeared in 3 children (Bishop et al., 
1973) studied after recovery some 4 to 8 weeks later. 

The virus appears to characteristically invade the 
proximal small intestinal mucosa but necropsy 
studies have shown that the infection can spread 
along the entire length of the small intestine and 
even into the colon (Hamilton ef a/., 1976). Barnes 
(1973), in a study of 21 children with nonbacterial 
gastroenteritis, found evidence of inflammation in 
some children in stomach, duodenum, and rectum, 
indicating that the disease may affect the whole 
gastrointestinal tract. In particular there was some 
inflammation of the stomach in 15 of 21 biopsied. 
Although rotavirus was not sought in these children 
it is likely many had rotavirus infection, so this 
study indicates that the term gastroenteritis should 
be retained, at least for the present. 


Pathophysiology 


Mavromichalis et al. (1977) found rotavirus in 
intestinal aspirate of 6 out of 8 children with gastro- 
enteritis who had rotavirus in their stools. All 6 had 
abnormal xylose absorption whereas the 2 without 
rotavirus in the lumen were normal, suggesting small 
intestinal dysfunction related to mucosal damage, 
occurred when the virus was found in the lumen. 
Little is yet known in man of the mechanism of 
diarrhoea in rotavirus gastroenteritis, but Hamilton 
et al. (1976) studied an animal model using a similar 
virus in piglets. This is a corona virus, known as the 
transmissable gastroenteritis virus (TGE). It pro- 
duces massive diarrhoea with high faecal electrolytes 
some 16 to 40 hours after infection. At 40 hours they 
found decreased sodium and water flux, decreased 
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mucosal activities of disaccharidases and sodium, 
potassium-ATPase but normal adenyl cyclase 
activity. Unlike enterotoxogenic diarrhoeas such as 
cholera, under these experimental conditions sodium 
flux failed to respond to glucose. If a similar situation 
exists in rotavirus gastroenteritis in man, it is clear 
that the pathophysiology may be very different from 
that of the toxigenic bacterial diarrhoeas. Gould 
(1977) studied stool prostaglandin levels in 4 children 
with rotavirus gastroenteritis and 4 children with 
gastroenteritis but no rotavirus. In contrast to ulcera- 
tive colitis, where stool prostaglandin levels are 
raised, he found prostaglandin levels well within 
the control range in both groups of children. 


Age range 


Rotavirus has been found principally in the stools 
of children with gastroenteritis from the neonatal 
period up to 5 years of age, but most are under 2 
years. Most studies have reported a peak between 6 
months and a year (Kapikian et al., 1976; Carr et al., 
1976; Rodriguez et al., 1977), but Shepherd et al. 
(1975) found 43:3% of their children were under 
6 months. 

Although the disease is commonest in young 
children it may also occur in adults. Rotavirus has 
indeed been found in the stools of adults with acute 
gastroenteritis (von Bonsdorff et al., 1976). It may 
also occur in adults who are symptom free (Tallett 
et al., 1977). 


Sex ratio 


As in earlier reports of nonbacterial gastroenteritis 
where viral studies were not done (Gribbin ef al., 
1975; Tripp et al., 1977), most studies of rotavirus 
gastroenteritis report that boys are more often 
affected than girls (see Table 1). The reason for this 
male predominance is not yet clear, but it is most 
obvious in the younger children. 


Incubation period 


The incubation period appears to be about 48 to 72 
hours (Shepherd ef al., 1975). 


Clinical features 


Most studies have described vomiting as the first 
symptom, often accompanied by diarrhoea but 
sometimes preceding it by several hours (Shepherd 
et al., 1975). On occasion there may even be no 
diarrhoea. The diarrhoea is typically acute in onset 
and often watery in character with usually fewer 
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than 10 stools each day. Pyrexia is a common but 
not a constant feature in all reports. A concurrent 
upper respiratory tract infection has been docu- 
mented in 42% in one report (Carr et al., 1976) and 
in 29% in another (Rodriguez et al., 1977). Most 
clinical reports of rotavirus gastroenteritis have 
described a relatively mild self-limiting illness with 
dehydration, usually less than 557, present in about 
half or less of children admitted to hospital. 
Rodriguez et al. (1977) described dehydration in 83 ?7 
of children with rotavirus gastroenteritis compared 
to 40% in children who did not have rotavirus in 
their stools, but dehydration was mostly mild to 
moderate. It has, however, become clear that rota- 
virus gastroenteritis may on occasion be associated 
with a much more severe illness, and even death has 
been reported from Canada (Hamilton ef al., 1976) 
and Australia (Bishop ef al., 1973). Fatal rotavirus 
gastroenteritis does not appear to have been docu- 
mented yet in Britain. 

An initial study of 30 children with rotavirus 
gastroenteritis from the Queen Elizabeth Hospital 
for Children, London, during the winter of 1974- 
1975 found a relatively mild illness (Shepherd et al., 
1975). But a second study of the winter of 1976-1977, 
analysing the features of 17 children, found a similar 
mild illness in 11, but in a further 6 found a more 
severe illness (French ef al., 1978). Ryder ef al. 
(1976) in Bangladesh have indeed found rotavirus 
in the stools of 12 out of 22 children with severe 
dehydration due to diarrhoea, the degree of dehydra- 
tion being comparable to that found in cholera in 
their experience. In southern India, Maiya et al. 
(1977) found no difference in the clinical presentation 
of children with gastroenteritis in whom rotavirus 
was found compared to those in whom a bacterial 
pathogen was identified or no agent recognised. 
Thus in developing communities rotavirus is 
associated with less characteristic clinical patterns. 

So although rotavirus gastroenteritis seems most 
often to cause a relatively mild illness in developed 
communities, it may on occasion cause more severe 
disease and even death. However, it must be 
observed that all the reports to date have largely 
concerned inpatients and there are very few data 
available concerning the presumably clinically less 
severe and much commoner cases managed as out- 
patients. 


Accompanying pathogens 


Any account of the severity of the clinical disease 
must try and take note of the possible role of 
accompanying pathogens, bacterial or viral. Several 
reports have described a more serious illness when 
bacterial pathogens, especially enteropathogenic 


E. coli, are also found in the stools at the same time 
(Shepherd er al., 1975; Carr. et al., 1976). Madeley 
et al. (1977) found rotavirus and other bacterial and 
viral pathogens occurring in different stool samples 
from the same infants and found it difficult to 
determine whether one or all were significant 
pathogens. 


Duration of illness 


The duration of illness ranges between 5 days and 
3 weeks (Shepherd et al., 1975), usually lasting only 
8 days (Tallett e? al., 1977). Most children present 
within 5 days of onset if they come to hospital. 


Biochemistry and haematology 


A raised blood urea on hospital admission has been 
described (Rodriguez et al., 1977) and been related 
to the numbers of rotavirus in the stools (Carr et al., 
1976). Hypernatraemia may occur but is not 
characteristic. When dehydration occurs it is likely 
to be isotonic. Lymphocytosis may occur. 


Stool microscopy 


Characteristically, leucocytes are not present in the 
stools although they may be seen in some cases: 18% 
in one series (Rodriguez et al., 1977). 


Infectivity 


It appears to be a highly contagious disease 
apparently spread by the faecal-oral route. Massive 
quantities of virus may be passed in the stools some 
24 to 72 hours after infection. Outbreaks may occur 
in families and in institutions. In one study, 35% 
of parents of children with rotavirus gastroenteritis 
had serological or stool evidence of rotavirus infec- 
tion (Rodriguez er al., 1977). It is also clear that 
adult staff members may play a role in transmitting 
rotavirus infections in children's wards. 


Rotavirus in neonates 


A high incidence of rotavirus in the stools of 
asymptomatic neonates has been reported from 
Sydney (Murphy et al., 1977) and from St. Thomas's 
Hospital, London (Chrystie et al., 1975). Murphy 
et al. found no less than 50% of neonates by age 3 
to 4 days excreting virus. Only 24% of these had 
diarrhoea. There was no seasonal variation. How the 
virus spreads in the neonatal nursery is not known 
but is probably environmental within the nursery. 
Despite the finding of rotavirus in asymptomatic 
neonates, Murphy ef al. found that significantly 
more neonates with diarrhoea excreted the virus than 


in the symptom-free group. It does, in fact, seem 
likely that rotavirus can cause gastroenteritis in the 
neonate, as suggested by Bishop et al. (1976) and a 
clue as to why some with stool rotavirus do not get 
clinical disease is provided by Murphy et al., who 
found that children who had in their stools viruses 
coated with an ‘antibody like’ material did not get 
diarrhoea. It is known from the work of Matthews 
er al. (1976) that breast milk and cows’ milk contain 
nonantibody virus inhibitor and this may play a 
role too. 


Diagnostic techniques 


A number of techniques have been used. Electron 
microscopy of stools using negative staining has 
been used in many centres. This is a simple technique 
provided an electron microscope is available. 
Counter-immunoelectrophoresis is a technique to 
detect viral antigen in the stool (Spence et al., 1975; 
Middleton er al., 1976). It seems to be about as 
sensitive as the electron microscope. A third 
technique is serum serology using complement- 
fixation. This was developed by Kapikian ef al. 
(1975). With rotavirus stool antigen they showed a 
rise in serum antibody titre with a complement 
fixation test using acute and convalescent sera. A 
related antigen, Nebraska calf diarrhoea virus, is 
more readily available. It is morphologically and 
antigenically identical to rotavirus. Indirect immuno- 
fluorescent antibody technique (Davidson ef al., 
1975b) is difficult to perform but appears to be slightly 
more sensitive than the complement-fixation test. 


Delayed recovery 


In the first detailed report of clinical features of 
rotavirus diarrhoea, Shepherd ef a/. (1975) described 
temporary sugar intolerance in 2 of 30 children with 
rotavirus gastroenteritis. Carr et al. (1976) found 2 
such cases who had associated enteropathogenic 
E. coli. 4 patients reported by Tallett et al. (1977) 
had recurrent diarrhoea but they only found 
‘problems with absorption of sugar in a small 
proportion'. Thus, so far only a low frequency of 
sugar malabsorption has been reported. Yet in one 
period in the winter of 1976-1977, Lucas et al. (1978) 
found an unusually high frequency of temporary 
monosaccharide malabsorption coinciding with the 
winter peak of gastroenteritis. 6 out of 9 children 
with temporary monosaccharide intolerance who 
were examined had rotavirus in their stools. 

An association between sugar malabsorption and 
rotavirus would not be surprising in view of the 
damage to microvilli in infected enterocytes (Bishop 
et al., 1973). In addition, it appears theoretically 
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possible that severe and extensive infection may 
temporarily damage a high proportion of lactase 
activity of the enterocytes and perhaps also cause a 
transient surface block to sugar absorption by 
temporarily damaging the brush border membrane 
as proposed by Walker-Smith eż al. (1972), clinical 
severity depending on number of enterocytes 
damaged. 

Finally, Holmes eż al. (1976) suggested that lactase 
is the receptor and uncoating enzyme for rotavirus. 
This would mean that infants, with their high lactase 
levels, may be more vulnerable, helping to explain 
the young age of most affected individuals. 


Management 


It appears that some cases have been managed by 
intravenous fluids (Rodriguez et al., 1977; Tallett 
et al., 1977) and others by an oral glucose electrolyte 
mixture (Shepherd et al., 1977; Carr et al., 1977). 
Hamilton et al. (1976) think that more rapid cessation 
of diarrhoea may occur when intravenous fluids are 
used and little is given by mouth. Certainly Torres- 
Pinedo et al. (1966) have shown a sudden fall in 
stool electrolytes when milk is withdrawn from the 
diet of infants with gastroenteritis. There is a firm 
clinical impression that when intravenous fluids are 
given to these children, with none by mouth for a 
short period, recovery is rapid and uneventful. 
Nevertheless, it would not be our practice at present 
to use intravenous fluids unless the infant was 5% 
or more dehydrated. 

In view of their animal work on the patho- 
physiology of acute gastroenteritis, Hamilton ef al. 
(1976) have queried the value of a glucose-containing 
electrolyte solution in these children. They consider 
glucose may only be a source of calories and not 
have the specific benefit it has in toxigenic diarrhoeas. 
A sucrose electrolyte mixture has a lower osmolality 
and sucrose is cheaper and more readily available in 
the developing world. An outpatient study of its use 
in children with acute gastroenteritis found that it is 
at least as effective as a glucose electrolyte solution 
(Rahilly ef al., 1976). Clearly, further evaluation 
is necessary in rotavirus gastroenteritis. 


Immunity 


Little is known yet. Reinfection of patients has not 
yet been reported, although children with pre- 
existing antibody have become infected. There is 
indeed some evidence that there is more than one 
antigenic variety of rotavirus. Antibody levels tend 
to rise with age, reaching adult levels at 2 years 
(Kapikian et al., 1976). 
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Infants aged 6 to 24 months appear to be more 
susceptible to infection regardless of the presence of 
antibody in their sera. The lower prevalence of rota- 
virus infection under 6 months may be attributable 
to immunity acquired from mother. Bortulussi ef al. 
(1974) found normal amounts of IgA in intestinal 
secretions during acute illness and in convalescence. 


Rotavirus and chronic diarrhoea 


Shepherd et al. (1975) also described rotavirus in 2 
children with chronic diarrhoea and since then a 
further 3 children with chronic diarrhoea and rota- 
viruses in their stools have been seen at the Queen 
Elizabeth Hospital for Children (see Table 2). There 
appears to be no other report of rotavirus excretion 
in chronic diarrhoea. Indeed rotavirus was not found 
in stools of children with protracted diarrhoea in the 
Gambia (Rowland and McCollum, 1977). Rotavirus 
may have some role in the pathogenesis of chronic 
diarrhoea but these 5 children had only single stool 
examinations and no serological studies, so the 
significance of identification of rotavirus in these 
children is not yet known. This is an important area 
for further research. It is possible rotavirus has a 
triggering role in the pathogenesis of the post- 
enteritis syndrome and also cows’ milk protein 
intolerance (Harrison et al., 1976). 


Rotavirus and Crohn’s disease 


A virus with the physiochemical and growth 
characteristics, electron microscopical and antigenic 
properties of rotavirus has been found in some 
filtrates from resected intestine from adults with 
Crohn's disease (Whorwell er al., 1977a). De Groote 
et al. (1977) have, however, been unable to show 
substantial differences in rotavirus antibody titre 
between patients with Crohn’s disease, ulcerative 


Table 2. Rotavirus and chronic diarrhoea 


colitis, and controls. A study of 7 children with 
Crohn’s disease at St. Bartholomew’s Hospital 
found rotavirus complement-fixing antibody in only 
3 (W. Marshall and J. Walker-Smith, unpublished, 
1977, Table 3). Whorwell et al. (1977b) were unable 
to find the virus in stools of patients using immune 
electron microscopy. Thus, it is extremely unlikely 
that this virus has a primary aetiological role in this 
disorder, although it is possible that an acute attack 
of rotavirus gastroenteritis in a predisposed individual 
may play a precipitating role. 


Conclusion 


It is remarkable how much information is now 
available concerning an infectious agent which was 
unknown until 1973, yet it is obvious that there is a 
great deal of research to be done and hopefully this 
may lead to practical improvement in the continuing 
problem of diarrhoeal disease, both acute and 
chronic, throughout the world. Clinicians in the 
developed world who usually have a clinical situa- 
tion where the specific effects of rotavirus can be 
assessed uncomplicated by a host of other pre- 
existing and complicating problems, as in the 
developing world, have an important responsibility 
to investigate the specific pathogenetic role of 
rotavirus in diarrhoea. 


Table 3 Rotavirus complement-fixation antibody 
titres in childhood Crohn's disease 
————————————————— 








Case no. Age (years) Rotavirus CF antibody titre 
6 14.6 <8 
7 13.0 8 
8 13.0 64 
9 12.0 32 
10 11.0 <8 
11 9.0 <8 
12 6.0 <8 


— UU 


———————————————————————————————————————————— 


Clinical diagnosis 


Small intestinal 
histology (m) 


Duration of diarrhoea 
at time of detection of 
virus in stools (m) 


—————— 'ÓÁ— Maa 


Case 1 
Postenteritis syndrome, monosaccharide intolerance, Normal M 3 z 
IgA deficiency 
Case 2 
Postenteritis enteropathy, monosaccharide intolerance Severe partial M 4 1 
villous atrophy 
Case 3 
Acute autoimmune haemolytic anaemia and protracted Mild partial F 53 1 
diarrhoea, monosaccharide intolerance, IgA deficiency villous atrophy 
Case 4 
Postenteritis syndrome with monosaccharide intolerance No biopsy M 7 I 
Case 5 
Chronic diarrhoea ? irritable colon No biopsy M 17 6 


—————————————————————————————— 
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Looking back 


A notable case of nephrosis 


DOUGLAS GAIRDNER 


How a boy of 10 developed nephrosis more than 60 years ago, how he came to be seen 
by Sir Frederic Still with interesting later consequences, how his nephrosis cleared following measles, 
and how all this led to his becoming a distinguished paediatrician is told in a case history based on 


the diary kept by the boy’s mother. 


R. was a healthy 10-year-old boy who in 1916 
developed a rash on the legs, diagnosed as eczema. 
After prolonged treatment with an ointment the rash 
disappeared. A specimen of urine routinely examined 
during this time had been noted to contain albumin 
and casts. 

Some 4 months later oedema of the face was 
apparent and the abdomen became swollen, evidently 
due to ascites. A further urine specimen was now 
examined with results which must have been indeed 
alarming, for Dr Williams,* the family doctor, came 
rushing upstairs exclaiming to the mother, 'Your 
child’s life is in danger, his life is in your hands!’ He 
was diagnosed as suffering from acute congestion of 
the kidneys; treatment consisted of bed rest and a 
light diet. 

The oedema persisted and it was decided to ask for 
a consultation with Dr (later Sir) Frederic Still. At 
that time Still was the only physician in England who 
confined his work to children and was thus perhaps 
the first who could be called a paediatrician, though 
that term was not then in use. Still (‘a dark little man 
with a pleasant manner’) came down to Folkestone 
from London (fee £30), said that the boy was suffer- 
ing from ‘an acute attack of nephritis’, and ordered 
his admission to a nursing home so that he could 
receive treatment with warmth to induce sweating, 
together with a diet mainly of milk. 

A week later the boy developed hydrothorax (‘the 
water in his system settled in his lungs’) and despite 
Dr Williams (seemingly something of a pessimist) 
warning that ‘he might not last the night’, the boy’s 
condition continued to fluctuate from week to week. 
The urine now contained albumin in large amounts 
^ and casts—hyaline, epithelial, and blood. 

A second visit from Still is today vividly remem- 
bered by R. Still endeared himself to the boy by 


*Some names have been altered. 


asking him what he wanted to do when he grew up. 
‘I want to be a children's doctor like you, Sir’, to 
which Still answered, ‘If you do as I say, you will’. 
However, beyond recommending 'small doses of gin' 
he had few new suggestions as to treatment, and the 
prognosis he gave to the parents was gloomy. 

Hopes rose temporarily when Still’s visit was 
followed by a remission, the fluid cleared from the 
chest and there was a diuresis, but soon generalised 
oedema returned. By Still’s orders the oedema fluid 
in both legs was tapped, but ‘he would not allow the 
stomach to be tapped as if this were done peritonitis 
might set in’. So, the mother’s diary continues, ‘the 
poor boy’s stomach became more and more distended 
till at last the pressure on all his organs became acute. 
At times he could scarcely breathe. . . . His pcor 
swollen face with its horrible waxen pallor was 
scarcely recognisable’. 

So certain did death now seem that the whole 
family was taken to be outfitted with mourning 
clothes (a sore point later with R., who for years 
after had to wear out his two older brothers' black 
suits). 

Over the next few months he was seen successively, 
first by a Christian Science practitioner (a Mrs 
Large, ‘a big bouncing woman’); then by a faith 
healer with laying on of hands which alas only 
‘frightened the poor child and made his heart beat 
still more quickly’; and then by a ‘distinguished 
kidney specialist, who said it was only a question of 
time'. Finally, a Dr Lord,* a local doctor with a 
reputation for his skill with children, was called in 
and at once advised tapping the abdomen. 'Dr 
Williams pleaded Dr Still's view that peritonitis 
might ensue and the boy die, as he said, in agonies. 
Lord ignored Still’s opinion, declaring that he and 
Still had been students together and he considered 
his own opinion as good as Still’s. He was a big 
determined man, very good looking and with a very 
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Fig. Sir Frederic Still (1868-1941) ‘a dark little man, with a pleasant manner’. 


autocratic manner and quite overpowered little Dr 
Williams, who was a delicate, nervous little man. 
Ultimately I was left to decide whether R. was to 
be tapped or not. Feeling that death was certain if 
he were not and that such a drug as morphia existed 
if the worst happened I gave my consent. . . . The 
result was entirely successful. Basin after basin of 
yellow fluid was withdrawn from the child’s stomach 
into which a rubber pipe had been inserted’. Un- 
happily the fluid soon reaccumulated. 

From the account of what happened next it 
would seem that Still's fears were not groundless and 
that a peritonitis, presumably well localised and 
perhaps pneumococcal, did develop. R.'s mother's 
diary tells us, *One day he became slightly feverish 
and the nurse noticed a swelling just over the navel. 
This was fomented and one morning I found him in 
a state of excitement and looking better. “Oh! 
mother", he said, *such a funny thing happened, a 
fountain spouted out of my tummy and now I feel 
better." And sure enough a sort of abscess over his 
navel had opened and a great quantity (about a 
basin full) of thick green liquid resembling pus had 
come out quite painlessly.’ 

From that day R. improved rapidly, oedema 
and ascites cleared, and the albumin in the urine 


diminished. Once more hopes rose, only to be exting- 
uished yet again by what appeared at the time to be 
the inevitably final catastrophe—the onset of a high 
fever and what proved to be an attack of measles. 
Miraculously, as it seemed to those about him, he 
survived this and thereafter his gradual return to full 
health was uninterrupted. Some 6 months had 
elapsed since he had first become oedematous, a 
trace of albumin in the urine only remained. 

It is interesting to speculate at this stage in the 
story as to what may have been responsible for 
initiating the remission in what we should now un- 
doubtedly call a nephrotic syndrome. In the days 
before corticosteroids were available it was well 
recognised that an acute infection could sometimes 
trigger a remission in these cases. As early as 1908 
von Pirquet! had observed that measles infection 
could do so, and it was this fact that led the author? 
in the 1950s to explore the use of malaria as a therapy 
for nephrosis, some of the children so treated having 
indeed remained well ever since. In R.'s case a 
remission (or can one call a 60-year remission a cure ?) 
was apparently associated with a peritonitis, which 
was closely followed by measles, so we do not know 
which of these infections may have been responsible 
for the happy outcome. 


An interval of some 15 years in the story now 
elapses, and the scene shifts to London and the 
examination for Membership of the Royal College 
of Physicians. R. is now a candidate and Still is an 
examiner. The following dialogue takes place. Still, 
‘What’s your name?’ R. gives it. ‘Hmm, haven’t 
we met before?’ ‘Yes, Sir.” ‘Didn’t you have some- 
thing wrong with your kidneys?’ ‘Yes, Sir’. 'Weren't 
you the boy who was going to be a children’s 
doctor?’ ‘Yes, Sir.’ ‘Well, we can't stop you at this 
stage, can we?’ (They didn’t.) 

Some 10 years later in World War II, R. joined the 
army medical corps and, lest albumin might 
still be found in his own specimen, he took the 
precaution of borrowing a sample of urine from his 
neighbour in the waiting room, and passed into the 
Army category Al. 

Another long passage of time, 30 years or more. R. 
is now an exceptionally fit septuagenarian. Behind 
him he can look back on a distinguished career as a 
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paediatrician, as a professor of paediatrics, as an 
editor of a paediatric journal of consequence, and 
as a president of his national paediatric association. 
His blood pressure, blood chemistry, creatinine clear- 
ance and his (own) urine are normal; only a few pale 
striae remain as faint reminders of the dire nephrotic 
illness over 60 years ago. One swallow may not make 
a summer, but at least in the case of R., nephrosis 
does seem to have been good for him. 


I am grateful to Professor John Soothill for per- 
suading me to publish this case, to Dr Bernard 
Schlesinger for the photograph of Still, and to R. for 
allowing access to his family papers. 
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SUMMARY A study was carried out on serum carcinoembryonic antigen (CEA) and alpha-feto- 
protein (AFP) levels, both measured by radioimmunoassay, in 88 children with malignant solid 
tumours and in 26 children with nonmalignant disorders, who presented during the years 1973-77. 
Slightly or moderately raised CEA levels were found at presentation in 11 of 66 children with 
malignant tumours, in 2 others with recurrent tumours, and in 4 children with nonmalignant 
disorders. Raised CEA levels generally indicated advanced malignant disease, often affecting the 
liver, or other hepatic disorders, but were not associated with a specific tumour type. 

Except in the first months of life, significantly raised AFP levels were detected only in 11 patients 
with yolk sac-derived tumours, or hepatomas, and in one child with tyrosinosis who later developed a 
malignant hepatoma. Serial measurements of AFP accurately reflected the clinical response to 


treatment and in 2 patients indicated recurrence before this could be detected clinically. 


Carcinoembryonic antigen (CEA), a glycoprotein, 
was first found as an apparently specific surface 
antigen associated with adenocarcinoma of the 
human colon by Gold and Freedman (1965). 
However, although about 70% of patients with 
gastrointestinal malignancy have raised levels, 
raised CEA has since been found in patients with 
other adult cancers (Booth et al., 1973; Neville and 
Laurence, 1974) and certain nonmalignant dis- 
orders. Nevertheless, serial studies have shown that 
in adult patients with CEA-releasing colorectal 
carcinomas serum levels fall if treatment is successful 
and rise again when metastases occur (Booth et al., 
1974). Studies of serum CEA in children with 
neuroblastoma (Reynoso et al., 1972; Wang et al., 
1974; Frens et al., 1976) showed that serum CEA 
levels were usually raised when active tumour was 
present and fell when treatment was successful. That 
CEA may act as a tumour marker in paediatric 
malignancy was also suggested by Felberg et al. 
(1976), who found raised levels in retinoblastoma 
patients. 

Alpha-fetoprotein (AFP), a fetal protein chemi- 
callv similar to albumin, was first identified by 
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Pedersen in 1944. Raised serum levels were described 
in association with hepatomas in rodents (Abelev 
et al., 1963) and humans (Tatarinov, 1964) and in 
patients with malignant gonadal teratoblastomas 
(Abelev et al., 1967). Raised levels have also been 
found in patients with certain nonmalignant dis- 
orders (Neville and Cooper, 1976). Early studies 
(Abelev et al., 1967; Masopust et al., 1968; Mawas 
et al., 1969) of over 300 children with malignant 
tumours, using comparatively insensitive bidimen- 
sional immunodiffusion methods, showed detectably 
raised levels in a proportion of children with terato- 
mata, gonadal embryonal carcinomata, hepato- 
blastoma, and hepatocellular carcinoma, but in 
none with the commoner tumours such as neuro- 
blastoma and nephroblastoma. Radioimmunoassay 
has increased the sensitivity of the test by more than 
1000-fold, and has permitted the detection of AFP 
in sera from most children with yolk sac-derived and 
hepatic malignancies. 

Studies in some 30 paediatric cancer patients 
suggest that AFP monitoring by this sensitive method 
may be of value during treatment (Hagesawa et al., 
1972, 1973; Takahashi, 1973; Itoh et al., 1974; 
Kohn and Weaver, 1974; Teilum ef al., 1974; 
Pick et al., 1975; Norgaard-Pedersen ef al., 1975, 
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1976; Tsuchida et al., 1975; Palmer ef al., 1976; 
Urano et al., 1976; Shirai et al., 1976; Sakashita et al., 
1976; Schoenfeld et al., 1976; Grigor et al., 1977). 

The purpose of our study was to define the fre- 
quency of raised serum CEA and AFP levels, both 
measured by radioimmunoassay, in children with 
malignant solid tumours, and to assess the clinical 
value of serial measurements in monitoring response 
to therapy and detecting tumour recurrence. We also 
report the findings in 25 children with nonmalignant 
disorders. 


Patients and methods 


Eighty-eight children referred during 1973-77 for 
treatment of malignant solid tumours and 26 
children being investigated or treated for what proved 
to be nonmalignant conditions were studied. In 
patients found to have raised CEA or AFP levels 
serial venepunctures were performed to assess the 
relationship between the serum levels and response 
to therapy. In other patients blood for CEA and AFP 
levels was taken during venepuncture for other 
investigations, or for the administration of cytotoxic 
drugs. The patients' ages ranged from 5 days to 15 
years, 11 being aged less than one year, and their 
diagnoses are shown in Tables 1 and 2. 

CEA levels were measured by the double-antibody 
technique, the 95% confidence limits of normal 
healthy adults being 0-15 ng/ml, standard error 1:9 
(Booth e£ al., 1974). In some patients a comparison 
was made, using the same sera, with CEA levels 
measured by the Z-gel method (Lo Gerfo et al., 
1971), the normal upper limit in healthy adults being 
2-5 ng/ml, the reproducibility of the CEA Roche 
assay being + 0-5 ng/ml at this level. 

AFP levels, normally less than 25 ng/ml in adults 
(Grigor et al, 1977), were measured by radio- 
immunoassay. In the first 18 patients AFP 


Table 1 Details of patients with malignant tumours 





No. of patients 





Lymphoma 13 
(lymphosarcoma 7, histiocytic lymphoma 2, 
Hodgkin’s disease 4) 

Wilms’s tumour 26 

Mesenchymal tumours 15 
(rhabdomyosarcoma 10, undifferentiated 
sarcoma 3, leiomyosarcoma 1, fibrosarcoma 1) 

Neuroblastoma 12 

Yolk sac-derived tumours 6 
(ovarian embryonal carcinoma 1, 
orchioblastoma 4, sacrococcygeal teratoma 1; 

Hepatomas 

Other tumours 11 
(Ewing’s sarcoma 2, medulloblastoma 1, 
pulmonary blastoma 1, optic glioma 1, 
ependymoma 1, branchial cleft carcinoma 1, 
glomus tumour 1, uncertain 3) 


Total 88 


LL 


estimations were done in the Department of Cancer 
Studies, University of Birmingham; in this laboratory 
the levels in healthy adult males and nonpregnant 
females were in the range 1-19 ng/ml (mean + SD 
9.3 + 8-6). Sera from subsequent patients were 
tested in the Department of Medical Genetics, 
Glasgow, using the method of Vince et al. (1975), the 
lower limit of sensitivity varying from <16-7 to 
— 5-0 ng/ml (conversion of these results to units/l x 
107? using the international reference preparation 
(first British Standard Human Cord Serum 72/227) 
can be done by multiplying by 1:5). 


Results 


CEA. In the majority of patients the CEA levels 
measured by the double-antibody technique were 
normal (Fig. 1). Details of the 17 patients with 
levels >15 ng/ml are given in Table 3. 8 of the 17 


Table 2. Details of patients with nonmalignant 
conditions 





Infections 6 
(Iymphadenopathy 3, toxoplasmosis 1, 
osteomyelitis, 1, hydatid cysts 1) 


Benign tumours 5 
(teratomas 2, liver hamartoma 2, fibroma 1) 
Inflammatory disorders 4 


(rheumatoid arthritis 2, ulcerative colitis 1, 
sinus histiocytosis 1) 


Fanconi's anaemia 2 
Twin of child with tumour 2 
Tyrosinosis l 
Other nonmalignant disorders 6 
Total 26 


p 


Table 3 Patients with raised serum CEA levels 
(>15 ng/ml) 


p 


Age Sex CEA level Diagnosis 


(years) (ng/ml) 
ee 
13-0 M 345 Fanconi's anaemia; jaundice; 
oxymetholone therapy; died 1 year 
later of leukaemia 
7w 29.5 Multiple osteomyelitis 
4-4 18-0 Tyrosinosis; hepatoma (but included with 
nonmalignant disorders in Fig. 1) 
1-8 21-3 Hamartoma of liver 
3.9 19-0 Histiocytic lymphoma; jaundice 
10-2 18-0 Histiocytic lymphoma 
15-8 19-0 Relapsed Hodgkin’s disease; hepatic 


involvement 
Stage I Wilms’s tumour 
Stage III Wilms's tumour; hepatic failure 
Stage II Wilms's tumour 
Thoracic mesenchymal tumour 
Stage IV neuroblastoma; hepatic 
involvement 


e uos 
MO UA CA N m= 

"zu gugug TZE SS 
a 


11-7 15-3 Ovarian embryonal carcinoma 

1-8 21-3 Orchioblastoma (see text) 

2-7 23-3 Hepatoma (bile duct tumour); jaundice; 
incomplete resection; CEA 25 before 
death 

1-3 F 31 Hepatoblastoma, recurrent 

2-0 M 17.5 Pulmonary blastoma 

L————————————— 
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patients with raised CEA have died and one has 
progressive malignant disease. In 6 patients the CEA 
levels have fallen to 15 ng/ml or less (infant with 
osteomyelitis, all 3 children with Wilms's tumour, the 
girl with embryonal carcinoma of the ovary, and the 
boy with orchioblastoma), and in the remaining 2 
children the CEA levels have not yet been repeated. 

Serum from 11 patients was stored at —20°C, 
and the CEA levels were later remeasured by the 
Z-gel method (Table 4). Of seven samples from neuro- 
blastoma patients only two were marginally raised, 
to levels which would not be diagnostically helpful. 
There appears to be no difference in the degree of 
abnormality between the two methods. 


AFP. The results of the serum AFP levels are shown 
in Fig. 2. The only children with nonmalignant 
disorders who had levels —25 ng/ml were a 5-day- 
old baby with a benign sacrococcygeal teratoma 
(9500 ng/ml), a 7-week-old infant with osteomyelitis 
(117 ng/ml) a 9-week-old baby with a benign 
fibroma (120 ng/ml), and a boy with tyrosinosis aged 
1*3 years (28 000 ng/ml). The raised values in the 3 
infants were normal for their ages, and in the first 2 
had fallen to —25 ng/ml when remeasured at ages 
3 and 7 months respectively. Although raised AFP 
levels have been described in tyrosinosis (Bélanger 


Fig. 1 CEA levels in children with 
malignant solid tumours and 
nonmalignant disorders. The number 
of children studied at presentation 

(P) and at recurrence (R) of their 
tumours are shown under the 
diagnosis. Broken line represents the 
limit of normal values in adults. NED 
indicates no evidence of disease. 
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Table 4 Comparison between double-antibody and 











Z-gel methods 
— HÓÁI ——— M ——Drá———  ' ——OnsÁ M 
Patients CEA (ng/ml) 
Age Diagnosis Double antibody Z-gel 
(years) 
3-9 Neuroblastoma 10-0 2-2 
4-8 ve 9-8 3-4 
3-8 Ps 4-5 3-8 
4-4 ii 9.8 1-5 
1-9 = 12-3 1-9 
4-6 » «4.5 2-2 
4-9 3s 9.8 2.5 
7-1 Nephroblastoma before 
resection 16-5 2-4 
Nephroblastoma 
(same patient) after 
resection 7-3 1-4 
3-9 Histiocytic lymphoma; 
jaundice 19-0 1-6 
1-8 Hamartoma of liver 21-3 4-0 
13-0 Fanconi’s anaemia; 
jaundice 34-5 4-0 





et al., 1973), it is notable that our patient was found 
to have an unsuspected malignant hepatoma at 
necropsy 3 years after the AFP level was measured. 
2 of Bélanger’s patients developed hepatocarcinoma 
terminally, their AFP levels paralleling tumour 
growth (Bélanger et al., 1976). Among the children 
with malignant tumours, grossly raised serum AFP 
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A level of 43 ng/ml was detected in a 9-week-old 
baby with pelvic fibrosarcoma, and his AFP re- 
mained for some time above the adult normal 
range (37 ng/ml at age 3 and 5-5 months) but was 
undetectable by 7 months of age, when there was 
still no evidence of recurrent tumour. None of the 
other children with malignant tumours had raised 
AFP levels at presentation, at recurrence, or after 


successful treatment. 


was found only in children with yolk sac-derived 
(malignant teratoma, orchioblastoma, ovarian em- 
bryonal carcinoma) or hepatic tumours (Table 5). 
A slight rise in serum AFP was present in 2 boys 
A aged 5 and 9-5 years with alveolar rhabdomyosar- 
coma (42 and 45 ng/ml), and in a boy aged 4 years 
with neuroblastoma (36 ng/ml). The AFP subse- 
quently fell below 25 ng/ml in all 3 boys although 
only the first child’s tumour responded to treatment. 
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Serial AFP levels. In the children with yolk sac- 
derived and hepatic malignant tumours serial AFP 
levels correlated well with disease status, generally 
falling to <25 ng/ml within a month of successful 
resection but remaining raised if resection was 
incomplete. For example, in a boy aged 1:7 years 


Table 5 Children with malignant tumours and grossly 


raised AFP 
—————————— 
Sex AFP Comment 


(ng/ml) 


Age 
(years) 








20000 Sacrococcygeal teratoma (see text) 

204  Orchioblastoma, 5 days after resection; 
disease-free with normal AFP 17 months 
later 

Orchioblastoma (see text) 
Orchioblastoma 
Orchioblastoma, 13 days after resection 

(see text) 

Embryonal carcinoma of ovary, 6 d after 
incomplete resection (see text) 

Hepatoma (bile duct tumour); incomplete 
resection; AFP rose to 54 300 before 
death 

Hepatoblastoma removed; disease-free with 
normal AFP 2 years later 

Hepatoblastoma (see text) 

Unresectable hepatoblastoma ; died after 
biopsy 

330000  Hepatoblastoma; died after resection 
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Fig. 3 Boy aged 1-7 years with malignant 
sacrococcygeal teratoma. 


who had incomplete resection of a malignant sacro- 
coccygeal teratoma, AFP levels fell but never 
returned to normal, and rose again before death 
from metastases (Fig. 3). 

In a boy aged 1:8 years with orchioblastoma, 
serum levels fell rapidly to normal after successful 
resection (Fig. 4). His CEA levels also fell, but less 
promptly. Another boy aged 6 months with orchio- 
blastoma had AFP levels of 540, 46, and 10 ng/ml, 
13, 28, and 41 days after apparently successful 
resection. However, the level 4:5 months after 
resection rose to 3060 ng/ml; despite the absence of 
abnormal clinical findings when this blood specimen 
was taken, 16 days later he developed a pathological 
fracture of the femur and the presence of multiple 
skeletal metastases was confirmed by x-rays and 
needle aspirate. 

An 11-year-old girl with embryonal carcinoma of 
the ovary had the primary tumour resected, but 
metastatic nodules were present in the peritoneal 
cavity. These were treated by whole abdominal 
irradiation and chemotherapy with vincristine, 
actinomycin D, and cyclophosphamide. Her AFP 
levels fell to normal (Fig. 5) and she remains 
clinically free of disease 33 months from the start of 
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Figs. 4-6 AFP levels are shown as solid lines and 
CEA levels as broken lines. 


Fig. 4 Boy aged 1-8 years with orchioblastoma. 
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Fig. 5 Girl aged 11 years with embryonal carcinoma 
of ovary. 


treatment, chemotherapy having been stopped after 
24 months. 

Apparently complete resection of a hepatoma in a 
girl aged 1:3 years was followed by a sharp fall in 
serum AFP levels (Fig. 6). Postoperatively right 
phrenic palsy occurred but thoracotomy revealed no 
cause. Her AFP levels did not return to normal and 
then rose again. Extensive investigations, including 
chest and skeletal radiography, bone marrow 
aspirate, liver scan, hepatic angiography, and another 
laparotomy failed to demonstrate recurrence. 
However, 2 months later metastases were visible in 
both lungs on chest x-rays. Chemotherapy with 
actinomycin D and adriamycin led to temporary 
disappearance of the metastases and a fall in AFP 
level, but she also became jaundiced. As the AFP 
levels rose the pulmonary metastases again became 
visible. The jaundice faded after actinomycin and 
adriamycin therapy were stopped but AFP continued 
to rise and the pulmonary metastases slowly en- 
larged, despite treatment with cyclophosphamide, 
and she died. Her CEA levels also reflected the 
clinical course, though less closely than did the AFP. 


Discussion 


The best established biochemical marker of paedia- 
tric malignancy is the raised urinary catecholamine 
excretion in patients with neuroblastoma (Marsden 
and Steward, 1976). The usefulness of measuring 
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Fig. 6 Girl aged 1-3 years with hepatoblastoma. 


CEA levels in paediatric malignancy has not been 
well assessed, although 16 of 19 children with active 
neuroblastoma were reported to have raised levels 
which fell to normal if treatment was successful 
(Reynoso et al., 1972; Wang et al., 1974; Frens et al., 
1976). 4 of 5 retinoblastoma patients had raised CEA 
levels which fell after enucleation, and raised levels 
were found in 29-7% of their nonaffected family 
members (Felberg et a/., 1976). 

In our study we have found raised CEA levels in 
13 of 68 children with malignant solid tumours. In 
general the rise has been small and no patient had 
levels in the range (>50 ng/ml) commonly found in 
adults with gastrointestinal cancer (Booth ef al., 
1973). There was no specificity for any tumour type, 
a small proportion of children" with lymphomas, 
Wilms's tumour, mesenchymal tumours, neuro- 
blastoma, yolk sac tumours, hepatomas, and other 
tumours having raised levels. 
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It is interesting that only one of our 12 patients 
with active neuroblastoma had a raised level, in 
view of the much higher proportion in the American 
series (Reynoso et al., 1972; Wang et al., 1974; 
Frens et al., 1976). This difference cannot be ex- 
plained by a smaller tumour load in our patients, 
since 8 had stage IV disease (7 have died) and of the 
4 who did not have detectable metastases at presenta- 
tion, 2 have since died of recurrence. Our findings 
may differ from the Americans’ by chance, but 
alternatively may be related to our assay technique, 
as the Z-gel method was used for the American work. 
We therefore remeasured by the Z-gel technique all 
samples still available from neuroblastoma patients 
and a few others. The finding of normal or only 
slightly raised values confirmed the findings from 
the double-antibody assay, thus eliminating a 
methodological explanation. 

In 5 of the 13 children with malignant tumours and 
raised CEA, the levels returned to normal after 
successful treatment; one of these was a girl with 
Wilms’s tumour who was in liver failure due to inter- 
ference by the tumour with the hepatic blood supply. 
However, raised CEA was associated in 7 children 
with advanced disease which could not be cured; 5 
children in this group had primary or secondary 
hepatic tumours. 

The 4 children with ‘benign’ disorders who had 
raised CEA are of special interest. One had successful 
removal of a hamartoma of the liver; however, the 
other child in the series with liver hamartoma had a 
normal CEA level. Another boy had Fanconi’s 
anaemia and jaundice associated with oxymetholone 
therapy, which may also have induced the growth of 
a benign hepatoma; he died later of leukaemia and 
is reported elsewhere (Obeid ef al., 1978). The third 
child who had tyrosinosis died from portal hyper- 
tension shortly after the CEA estimation and was 
found at necropsy to have an unsuspected malignant 
hepatoma. The fourth was an infant aged 7 weeks 
with multiple staphylococcal osteomyelitis whose 
level subsequently fell to 8-5 ng/ml. 

In summary, therefore, children do not usually 
have raised CEA levels when they are first seen with 
malignant disease. The detection of raised CEA levels 
generally indicates advanced malignant disease, 
often involving the liver, or other hepatic disorders. 

AFP is a product of the fetal liver, gastrointestinal 
tract, and yolk sac. Its synthesis reaches a peak 
around the 13th week of gestation, when serum 
levels of 3-4 mg/ml are found. The level then 
decreases progressively to about 30 ug/ml at birth. 
By the end of the sixth month the level is usually 
less than 50 ng/ml, and from the age of 2 years 
through adulthood the normal serum levels are 
2:6 + 1:6 (SD) ng/ml (Neville and Cooper, 1976; 


Elgort et al., 1976). The half-life of the protein in the 
circulation has been calculated to be between 4 and 9 
days, and levels generally fall to the normal range 
within a month of successful resection of an AFP- 
producing tumour (Mawas ef al., 1969; Hagesawa 
et al., 1973; Grigor et al., 1977). Caution is required 
in the interpretation of AFP levels during the first 
year of life since, using a gel precipitation method, 
Elgort et al. (1976) found high levels in 79% of 
infants with viral hepatitis and slightly raised levels 
(15-250 ng/ml) in some children aged less than one 
year with nonhepatic, nonmalignant disorders and 
with nonyolk sac, nonhepatic tumours. Even after 
one year of age 13% of their patients with Wilms's 
tumour and 5-8% of their patients with neuro- 
blastoma had AFP levels of between 15 and 250 
ng/ml. Other disorders which are associated with 
high serum AFP levels in childhood are Indian child- 
hood cirrhosis (Nayak et al., 1972), hepatitis 
(Chandra, 1973), certain other non-neoplastic liver 
and inflammatory bowel diseases (Neville and 
Cooper, 1976), ataxia telangiectasia (Waldmann and 
McIntire, 1972), and tyrosinosis (Bélanger et al., 
1973). 

However, in practice, after the first month of life 
we have found that it is usually possible to exclude 
on clinical grounds the other conditions which cause 
raised AFP when a yolk sac or hepatic tumour is 
suspected. Moreover, these malignancies generally 
produce very high serum AFP levels, well outside the 
physiological range, thus permitting prediction of the 
histological type of a tumour before surgery. 

All our 11 patients with yolk sac and hepatic 
malignancies had raised AFP levels at presentation 
which fell to normal if treatment was successful. It is 
clear that serial levels, especially if measured by 
radioimmunoassay, may be useful in the detection 
of recurrence before this is evident clinically, as 
shown in 2 of our patients and by others (Hagesawa 
et al., 1972; Kohn and Weaver, 1974; Norgaard- 
Pedersen eż al., 1975; Grigor et al., 1977). This is 
important because recurrent or residual disease 
detected initially by raised serum AFP may occa- 
sionally be curable (Grigor et a/., 1977). However 
these authors also point out that in adult males with 
germ cell tumours, recurrent or progressive disease 
may be present in the absence of raised AFP levels, 
presumably because non-yolk sac elements of 
teratomas are responsible for recurrence in some 
patients. Further serial studies are required to 
determine whether this is also true in children. 
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Cows’ milk-sensitive enteropathy 
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SUMMARY Serial small intestinal biopsies related to withdrawal and challenge with cows’ milk are 
described in 5 infants with cows’ milk protein intolerance. On the basis of these serial observations 
the existence of a cows’ milk-sensitive enteropathy in infancy is clearly established. The cows’ milk- 
sensitive mucosal lesion varied in its severity ranging from a partly flat mucosa to a mild degree of 
partial villous atrophy. Intraepithelial lymphocyte counts rose after a positive milk challenge, but 
on only one occasion to a level outside the normal range. 

The technique of serial biopsies related to dietary milk enables a firm diagnosis of cows’ milk 
intolerance to be made upon the basis of a single milk challenge. Clinically this appears to be a 


temporary condition which disappears by the age of 2 years. 


Small intestinal mucosal abnormalities in children 
with a malabsorption syndrome induced by cows’ 
milk were first reported by Lamy ef al. in 1963, and 
have been widely confirmed subsequently (Kuitunen 
et al, 1965; Shiner et al, 1975a; Fontaine and 
Navarro, 1975; Walker-Smith, 1975). Kuitunen 
et al. (1973) described a milk provocation test in 
children who had previously responded to a cows' 
milk-free diet. They observed morphological changes 
in the small intestinal mucosa when there was a 
clinical relapse on milk challenge. It has been 
suggested that routine histological examination of 
small intestinal biopsies before and after a cows’ 
milk challenge is the most helpful way to diagnose 
cows’ milk allergy (Walker-Smith, 1975, 1976; 
Shiner et al., 1975b). Yet sceptics continue to deny 
the very existence of cows' milk protein intolerance, 
and in Britain until recently, this entity has been an 
uncommon clinical diagnosis. 
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The purpose of this paper is firstly to provide firm 
evidence for the existence of cow's milk-sensitive 
enteropathy in infancy based upon serial small 
intestinal biopsies related to dietary milk intake, 
and secondly to recommend the use of such serial 
biopsies in order to diagnose cows' milk protein 
intolerance after a single milk challenge. 


Patients and methods 


Five infants admitted to the Queen Elizabeth 
Hospital for Children were selected for this report. 
They were chosen because all had serial biopsies 
related to change in dietary intake of cows' milk and 
because biopsy was used to establish the diagnosis 
in each case. 

All 5 infants had developed acute diarrhoea, with 
vomiting in 3 between the ages of 1 and 8 weeks 
(Table 1). One infant was being fully breast-fed at 
that time and had never had cows' milk (Case 5), but 
the remainder were bottle fed. In each case an initial 


Table 1 Clinical data and acute gastroenterological symptoms in the 5 infants 
——— ———— M ———— M — — —— M ——————— 
Case Sex Initial symptoms Age at first Breast feeding Ethnic origin Evidence for gastroenteritis at time of 
no. symptom (w) and duration initial symptoms 
a iil 
1 F Acute diarrhoea 3 10d Indian E. coli O127—stool culture 
2 M Acute diarrhoea 2 — English Other family members acute diarrhoea and 
and vomiting vomiting 
3 M Acute diarrhoea 3 — English — 
and vomiting 
4 F Acute diarrhoea 1 — Indian — 
and vomiting 
5 M Acute diarrhoea 1 1w West Indian (a) Rising antibody titre to Nebraska calf 


antigen 
(b) E. coli O55—stool culture 


—————Ó— — —á—— M — ————— —— —— ————— 
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clinical diagnosis of acute gastroenteritis was made, 
but in only 3 was there conclusive evidence for this, 
namely identification of a known aetiological agent 
or contact with gastroenteritis in other family 
members (Table 1). Their ethnic origins were diverse. 
Cases 1-3 had initially been admitted to other 
hospitals. 

Each infant had milk removed from his diet at 
some point in initial management. Cases 1 and 3 
were given a trial of expressed breast milk but this 
was discontinued as they developed watery stools 
with an excess of reducing substances, i.e. evidence of 
lactose intolerance. Cases 1-4 had an immediate 
return of diarrhoea and vomiting on reintroduction 
of cows’ milk to their diet. Case 1 subsequently 
developed intractable diarrhoea and had gross mal- 
nutrition at the time of her referral aged 10 weeks. 
She was managed with intravenous feeding and after 
recovery was given a lactose-free, milk-free diet 
based upon chicken meat. Case 5, although hitherto 
apparently completely breast fed, developed total 
monosaccharide intolerance and became dehydrated 
when given an oral electrolyte mixture containing in 
turn glucose and fructose, finally requiring intra- 
venous fluids. On recovery he was also given a diet 
based on chicken meat. He apparently was never 
given milk until the time of milk challenge, although 
it is possible that he had some milk in a neonatal 
unit, unknown to the medical staff. The remaining 
3 children were given a commercial milk-free 
formula. 

Each infant had a first biopsy as soon as possible 
after admission, the time interval depending on their 
clinical condition (Table 2). In all except Case 2, 
this meant they were already on a milk-free diet. 
The duration of the milk-free diet ranged from 10 
days to 41 months at the time of this initial biopsy. 
All children thereafter continued on a strict milk- 
free diet. A second (prechallenge) biopsy was per- 
formed while still on this milk-free diet as a pre- 
liminary to a cows' milk challenge (Table 2). 
After each infant had had a second biopsy which 
showed a normal or near-normal small bowel 
mucosa, they were given a lactose challenge 


Table 2 Biopsy data of the 5 infants 


(Harrison and Walker-Smith, 1977) followed by a 
cows' milk challenge as follows. 

Day 1: lactose 2 g/kg was given as an oral load after 
an overnight fast. No diarrhoea having developed, a 
feed containing lactose 7 g/100 ml was then given for 
24 hours. As no diarrhoea followed the lactose load 
in this group, the challenge proceeded. But had 
diarrhoea with 4% or more reducing substances 
occurred, a diagnosis of lactose intolerance would 
have been made, the milk challenge postponed, and 
the infant returned to a milk-free diet (Harrison and 
Walker-Smith, 1977). 

Day 2: fresh cows’ milk 5 ml was given at 9 am 
and 10 ml at 10 am. If no clinical symptoms appeared 
by midday, and subsequently if no clinical relapse 
occurred, each infant was then graded onto a cows' 
milk formula, or whole cows' milk was used if the 
infant was over 6 months of age at the time of 
challenge. 

The infants were observed carefully for the 
appearance of vomiting, fever, loss of weight, and 
diarrhoea. Loose stools were tested for reducing 
substances and occult blood. When significant 
symptoms appeared milk was stopped and a third 
intestinal biopsy was performed as soon as was 
considered clinically appropriate, usually within 24 
hours. Having then demonstrated mucosal deteriora- 
tion, each child was placed back onto a milk-free 
diet. 

A fourth biopsy was performed in 3 children after 
a further period on a milk-free diet (see Table 2), in 
these and the remaining children cows' milk was 
subsequently reintroduced to their diet without a 
clinical relapse, except Case 1 who relapsed again 
on a second challenge but who did not do so 
after a third challenge. All biopsies were performed 
as a part of routine management in order to make a 
therapeutic decision. 

Small intestinal biopsy specimens were examined 
under the dissecting microscope, photographed, and 
their appearances classified (Walker-Smith, 1967). 
Cryostat sections were stained with haematoxylin 
and eosin (H & E) and with Scharlach R in all cases, 
and the tissue embedded in ester wax, sectioned, and 


Case no. Initial biopsy Time already on Prechallenge biopsy Time on milk-free — Postchallenge Final biopsy 
grading milk-free diet diet (m) biopsy 
—————á 
1 ER 19 d Challenge 1 ++/+++ 
not done; 
challenge 2, + 9 ++ Normal 
2 ++ On cows’ milk N 34 -+ + Not done 
3 us 10 d N 34 +/N Not done 
4 ++ 37 d +/+ 7 ++ + 
5 +/N 44m N 7% + + 


nnn nn sss 


Biopsy gradings: see text. 





stained with H & E and with Mann's stain for 
eosinophils. When a double-port capsule (Kilby, 
1976) was used, the second specimen was fixed in 
formol saline and embedded in ester wax or paraffin. 
Although a number of other stains, including those 
for various enzymes, were used they only confirmed 
the grading of mucosal changes based upon H & E 
stained sections. Final assessment of the mucosal 
appearance was based upon a combination of both 
gross and histological findings. 

Biopsy specimens were graded as follows. (a) 
Normal: tall thin ridge-like villi; tongues, leaves, and 
fingers in any combination. On section the villi 
appeared at least twice as long as the crypts. (b) +: 
normal dissecting microscopic appearance with 
sections showing borderline or doubtful changes. 
(c) +: dissecting microscopy showing normal villi 
or thickened and shorter villi. Histologically there 
was a minor degree of partial villous atrophy 
although the picture varied from case to case. This 
grade included mucosa with not more than two of the 
following features: epithelial abnormality, shorten- 
ing or thickening of villi, increased plasma cells or 
eosinophils in the lamina propria, elongation of 
crypts. (d) ++: short thick ridges on dissecting 
microscopy. All specimens in this grade showed 
increased intraepithelial lymphocytes and/or pseudo- 
stratified epithelium covering short, frequently wide 
ridges, moderate increase of cells in the lamina 
propria and hyperplasia of crypts. (e) +++: 
classical flat mucosa. (f) Patchy lesions (e.g. +/+ +), 
i.e. where the lesion was nonuniform. 

The number of intraepithelial lymphocytes was 
quantified in each case by one of us (A.P.). A normal 
range of 10-5—31:5 intraepithelial lymphocytes per 
100 epithelial cells counted was used. This range was 
obtained by calculating the mean intraepithelial 
lymphocyte count in 16 histologically normal biop- 
sies, and taking 2 standard deviations on each side 
of it. Disaccharidase activity was assayed in each 
biopsy (Burgess ef al., 1964). 


Results 


First biopsy. There was a wide range of gradings for 
these biopsies (see Table 2). The children were 
continued on a milk-free diet for varying periods of 
time depending on their clinical progress, i.e. rate of 
weight gain and general well being. 


Second biopsy. The duration of a milk-free diet in 
these children ranged from 31 to 9 months at time of 
second biopsy. Three of these biopsies were unequi- 
vocally normal, one had one area of borderline 
abnormality and one had a patchy lesion with one 
area of borderline abnormality and another of mild 
partial villous atrophy. 
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Third biopsy. All challenges were clinically positive 
but in all cases significant symptoms took more than 
48 hours to appear, and in one up to 7 days (Fig. 1). 
Once significant symptoms appeared, milk was with- 
drawn from the diet and the child had a third biopsy 
as soon as possible. All biopsies showed a significant 
deterioration. The time interval to biopsy after 
stopping milk on return of significant symptoms 
(Fig. 1) ranged from 15 to 20 hours in all except the 
first challenge in Case 1, where the interval was 7 
days, the infant developing severe diarrhoea and 
requiring intravenous fluids because of dehydration. 
Despite this interval in this case, the mucosa was in 
part completely flat. Serial biopsies from Case 1 who 
had two positive challenges are illustrated in Fig. 2. 


Fourth biopsy. This was normal in 2 cases and showed 
a mild degree of partial villous atrophy in the third 
child. This represented an improvement from the 
third biopsy. The children tolerated cows’ milk at 
the ages of 21, 19, 14, 19, and 16 months respectively. 


Morphology of biopsies (Table 2, Fig. 2). Patchy 
lesions were observed in 5 of the 19 specimens 
examined. Although most were illustrated in a single 
specimen, the importance of using a double-port 
capsule is stressed as the two specimens may differ, 
and in Case 3 this was of critical importance. The 
variability of severity of mucosal changes in response 
to milk challenge is clearly shown in Fig. 2, with 
different mucosal response in the two positive 
challenges in the same child. 


Days 





Cows’ milk diet 
[] Milk-free diet 
B  Biopsy 
Fig. 1 Duration of milk challenge and milk-free diet 


before postchallenge biopsy. The numbers represent Cases 
1—5, Case I having been challenged twice. 
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Fig. 2. Small intestinal mucosa in Case 1. (H & E x 50.) (1) Initial biopsy: short villi with numerous goblet cells 
and increased cells in lamina propria (4-). (2) Postchallenge biopsy: flat surface with columnar epithelium, moderately 
increased cells in lamina propria, and elongated crypts (+ + +). (3) Prechallenge biopsy: short villi with increased 
cells in lamina propria (+). (4) Postchallenge biopsy: short villi with pseudo-stratified epithelium, moderately 


increased cells in lamina propria, and elongated crypts ( 


Intraepithelial lymphocytes. There was a rise in the 
numbers of epithelial lymphocytes in each post- 
challenge biopsy as compared to the prechallenge 
biopsy, although in one challenge only did the level 
rise above the range found in histological normal 
biopsies (Fig. 3). 


Disaccharidase activity. Disaccharidase activity rose 
in the second biopsy after a milk-free diet only to 
fall again after mucosal relapse with a positive milk 
challenge (see Fig. 4). Although these serial observa- 
tions of disaccharidase activity were a helpful guide 
to mucosal remission and relapse, individual levels 
did not correlate with the severity of the mucosal 
morphology (Harrison and Walker-Smith, 1977). 


+). (5) Final biopsy: normal mucosa. 


Discussion 


This study shows both the existence of a cows' milk- 
sensitive enteropathy in infancy, and the use of serial 
small intestinal biopsies before and after a cows? 
milk challenge as a diagnostic technique. The muco- 
sal lesion at the time of first biopsy was of variable 
severity. This was in part probably related to the 
length of time already on a milk-free diet. In all 
children there was improvement in morphology 
after a milk-free diet and in most a return to normal. 
In all there was a significant deterioration after a 
further milk challenge. However, the mucosal lesion 
was markedly variable in its severity, ranging from a 
partly flat mucosa to a mild degree of partial villous 
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Fig. 3 Intraepithelial lymphocyte counts in pre- and 
postchallenge biopsies. 
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Fig. 4 Mean disaccharidase activity related to cows’ 
milk intake in 5 infants with milk-sensitive enteropathy. 


atrophy. Pari passu with these serial morphological 
changes disaccharidase activity rose on a milk-free 
diet and fell after a positive milk challenge. Intra- 
epithelial lymphocyte levels rose after a positive milk 
challenge, but on only one occasion to a level outside 
the normal range. A pre- and postchallenge biopsy is 
essential for accurate interpretation of postchallenge 
appearances, because of this variable severity. 
Monitoring of disaccharidase activity and the intra- 
epithelial lymphocyte count provides additional 
useful evidence for mucosal relapse after challenge 
especially when less severe morphological changes 
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occur. In practice a fourth biopsy may not routinely 
be necessary. 

In the past various immunological phenomena 
have been studied before and after milk challenge 
but in clinical practice they have not been very help- 
ful in making a firm diagnosis. Unlike the recom- 
mendations of Goldman eż al. (1963), where three 
positive clinical challenges are demanded before the 
diagnosis can be made, this technique of serial small 
intestinal biopsies enables a firm diagnosis of cows’ 
milk intolerance to be made upon the basis of a 
single milk challenge. In this way the diagnosis of 
cows’ milk protein intolerance is removed from a 
purely clinical response to cows’ milk withdrawal 
and challenge, as still recommended by standard 
texts. 

The use of a preliminary lactose challenge enables 
continuing lactose intolerance to be excluded as a 
cause of milk intolerance before proceeding to a 
milk challenge. In the past the distinction between 
lactose intolerance and cows’ milk protein intolerance 
has often been confused, especially as it is clear that 
a positive cows’ milk challenge may lead to a fall in 
disaccharidase activity usually accompanied by 
evidence of clinical lactose intolerance although not 
invariably (Harrison et al., 1976). 

The mucosal lesion described here is clearly 
similar to that found in children with untreated 
coeliac disease, although usually less severe. Both 
clinical and mucosal relapse appear to occur more 
quickly after an elimination diet and challenge than 
is the case in children with coeliac disease tested in a 
similar way in relation to gluten. As previously 
reported (Harrison ef al., 1976), it appears to be 
triggered by an attack of acute gastroenteritis at least 
in some cases. Case 5 was remarkable as he appar- 
ently developed symptoms on first contact with cows’ 
milk at time of milk challenge after recovery from 
acute gastroenteritis. 

Clinically, in these and other studies, intolerance 
to cows’ milk appears to disappear by the age of 2 
years, although it is still uncertain whether a mucosal 
lesion persists beyond this age. In practice, a second 
milk challenge may no trequire serial biopsies, but it 
is recommended that this be performed in hospital 
because of occasional severe reactions. 

Whether the syndrome of cows’ milk-protein 
intolerance is identical with the syndrome of cows’ 
milk-sensitive enteropathy described here is not 
clear. Only close collaboration between immuno- 
logical and gastroenterological observations will 
clarify this point. 


We thank Mrs F. M. Byron without whose histo- 
logical skill this study would not have been possible, 
and Mrs E. Lister for secretarial assistance. 
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Value of monitoring plasma salicylate levels in 
treating juvenile rheumatoid arthritis 


Observations in 42 cases 


M. BARDARE, G. U. CISLAGHI, M. MANDELLI,* AND F. SERENI 


From the Paediatric Department, University of Milan, Italy 


SUMMARY Plasma salicylate concentration was monitored in 42 children on long-term salicylate 
therapy for rheumatoid arthritis. A given dose of salicylate per kg resulted in large variations in 
plasma levels, both between individuals and for a single individual at different times. The factors 
responsible for such variations were studied; in 6 cases urinary metabolites of salicylate were 
analysed. The relation between salicylate dosage and plasma half-life accounts for the fact that small 
changes in dosage can result in large changes in plasma concentration. The addition of corticosteroid 
or ACTH therapy results in lower plasma levels of salicylate, and necessitates higher dosage of 
salicylate. After the introduction of routine monitoring of plasma salicylate, the incidence of toxic 


symptoms fell sharply. 


Salicylates are prescribed on a long-term basis in 
clinical paediatrics, particularly in juvenile rheu- 
matoid arthritis (JR A), but dosage is often incorrect, 
either so high as to give rise to intoxication, or so 
low as to be ineffective (Done, 1960; Tschetter, 1963; 
Pierce, 1974; Buchanan and Rabinowitz, 1974). 
Individual dosage adjustment for each patient is 
necessary, firstly because of the narrow margin 
between therapeutic and toxic plasma levels of 
salicylate (Brewer, 1970; Calabro, 1970; Mäkelä 
et al, 1975), and secondly because of the very 
variable plasma levels which may result from a 
given dosage, both between patients and even for 
the same individual (Ansell, 1963; Brewer, 1970). 
In this paper we wish to show the advantages which 
may result from systematic monitoring of plasma 
salicylate levels in children under treatment for 
rheumatoid arthritis. 


Subjects and methods 


Forty-two children were observed between 1974 
and 1976. The main clinical details are given in 
Table 1. The total daily dose of salicylate (Table 1) 
was administered in three divided doses after a meal 
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over a period of 15 hours, the night hours being 
excluded. The dose varied widely because the 
different subtypes of JRA required different dosage 
of salicylate (e.g. anti-inflammatory effect for acute 
onset JRA, analgesic effect for poly- or monoarticular 
JRA). 


Table 1 Details of 42 cases of juvenile rheumatoid 
arthritis treated with salicylates 


Clinical form No. Sex Average Drug* 





of age (and 
cases F M range) Acetyl- Sodium Micro- 
(years) salicylic salicy- encapsu- 
acid late lated 
acetyl 
salicylic 
acid 
Acute onset 33 15 18 8 20 7 6 
(3-13 -9) 
Polyarticular 
onset 6 6 — 8 4 2 
(2-3- 
14-7) 
Monoarticular 
onset 3 2 £3 3 
(1-3- 
4-5) 





*During the period of observation, therapy varied in 7 cases, in 2 cases 
being changed from acetylsalicylic acid to sodium salicylate; in 2 from 
acetylsalicylic acid to microencapsulated acetylsalicylic acid; in 1 case 
from microencapsulated acetylsalicylic acid to acetylsalicylic acid; 
and in 2 cases from microencapsulated acetylsalicylic acid to sodium 
salicylate. Dose/kg for each patient is shown in Fig. 1. 
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For measurement of plasma salicylate, blood was 
taken at least 6 days after the beginning of therapy 
(i.e. after a steady state was reached), 24-3 hours 
after the first dose of the day, and thereafter at 
intervals of 50 4+ 25 days (measurements during 
hospitalisation were often made more frequently). 
Salicyluric acid, free salicylate, and total metabolites 
were also estimated in the urine of some of the 
children. Blood and urinary salicylates were measured 
by the method described by Shachter and Manis 
(1958). 


Results and discussion 


Variation in plasma salicylate levels. Fig. la and b 
shows the plasma salicylate levels related to the dose 
per kg of salicylate drug; three different preparations 
of salicylate were used. The results may be inter- 
preted as follows. 


(a) Equivalent doses can give very different plasma 
levels. For example, in 14 children taking sodium 
salicylate as outpatients, a daily dose between 99 
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Fig. 1 ZJnterindividual variability of (a) outpatients; 
(b) inpatients. Conversion; Traditional units to SI— 
Salicylate: 1 mg/100 ml ~ 0-0724 mmol/l. 


and 106 mg/kg (mean 101-2 + 2:6) yielded plasma 
salicylate concentrations ranging from 15:6 to 
30:6 mg/100 ml (1:1-2:2 mmol/l) (mean 22:4 + 
5-1; 1:6 + 0:37 mmol/l). In 11 cases, a daily dose 
of acetylsalicylic acid (ASA) between 78 and 83-7 
mg/kg (mean 80:1 -- 2), gave plasma salicylate 
levels varying from 6 to 24 mg/100 ml (0-4—1-74 
mmol/l) (mean 14:6 + 5:2; 1:1 + 0:38 mmol/l). 
(For the microencapsulated form of ASA mean 
values were not derived since the few cases treated 
received widely differing doses.) 

The same variability was found in inpatients 
where the prescribed drug was reliably given; for 
example 9 cases on a daily dose of ASA between 78 
and 88 mg/kg (mean 82:6 + 4) had plasma 
salicylate concentrations ranging from 7:9 to 24 mg/ 
100 ml (0:6-1:7 mmol/l) (mean 17:4 + 5:1; 
1:26 + 0:37 mmol). In addition to the inter- 
individual variation, different salicylate levels are 
obtained in an individual patient on a uniform dose 
of drug (Fig. 2). 


(b) The problem of drug plasma level and various 
commercial salicylate preparations. Although sodium 
salicylate seemed to give higher concentrations and 
microencapsulated ASA lower plasma levels than 
ASA, these differences were not statistically signifi- 
cant. Thus, when the mean values of the correlations 
between plasma peak concentrations and dose per 
kg are compared (i.e. 0-193 + 0-0096 for ASA in 58 
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Fig. 2 Intraindividual variability. 
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cases, 0-202 + 0-024 for sodium salicylate in 20 
cases, and 0-1657 + 0-0228 for microencapsulated 
ASA in 14 cases), Duncan test for groups of different 
number subjects (Kramer, 1956) is not significant 
(Duncan contrast = 2-104; r = 3; df = 89). 


(c) Corticosteroid therapy lowers plasma salicylate 
levels. This observation confirms a previous report 
by Klinenberg and Miller (1965). ACTH probably 
has the same effect. This is shown in Fig. 3, where 
plasma concentrations are shown for a child whose 
severe symptoms necessitated combined ACTH- 
salicylate therapy initially. Symptoms failed to 
improve, and prednisone was later prescribed. Both 
ACTH and prednisone (dose >15 mg/day) lowered 
plasma salicylate concentrations. 


Incidence of toxic effects and monitoring. Table 2 
shows comparative data on the incidence and type 
of toxic effects observed in both the inpatient and 
outpatient children during 2-year periods, before 
and after monitoring became routine. During this 
4-year period the quality of clinical care did not 
change, but the number of intoxications decreased, 
while the only episode encountered during the 
second period was very mild. In Case 3 (Table 2) 
clinical symptoms of toxicity were not accompanied 
by abnormally raised plasma salicylate levels; 
hypoalbuminaemia is known to occur frequently in 
children with polyarthritis (Brewer, 1970), a fact 
which could be relevant in such cases. 


Importance of patient compliance in interindividual 
variability of plasma concentration. In outpatient 
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children, no correlation could be found between the 
per kg dose of salicylate and plasma levels (Fig. 1), 
but when data from inpatients only were considered, 
a significant correlation was found both for basal 
levels (not measured in outpatients) and for peak 
levels (Table 3). So in outpatients, besides inter- 
individual variability, an important factor may well 
be whether the child actually takes the dosage pre- 
scribed. 


Table 2 Effect of routine monitoring of plasma 
salicylate levels on incidence of toxic signs 





Age Salicylate Plasma Signs and symptoms 
(years) dose salicylate 

(mg/kg ^ (mg/100 ml)t 

per d) 





(1) 1972-74, Plasma salicylate monitoring seldom done, n — 38 ; averag 
salicylate dose* : 86-6 + 15 mg/kg per day 


Case 1 5-7 100 28 Hyperpnoea, coma; 
hepatomegaly, retinal 
haemorrhage 

ji 6 70 44 Hyperpnoea; high 
temperature; delirium 

Case 2 4.5 100 30 Hyperpnoea: skin 
vasodilation; 
rhinorrhagia 

Case 3 5 100 20 Hyperpnoea 

Case 4 3.9 100 35 Hyperpnoea; vomiting; 
itching 

Case 5 10-2 100 38 Agranulocytosis 


2) 1974-76, Plasma salicylate monitoring routinely done, n = 42; 
average salicylate dose: 85-8 + 16-8 mg/kg per day 
Case 6 3 100 36 Hyperpnoea 





*Maximum doses for each patient were considered. 
+See legend to Fig. 1 for conversion factor into SI units. 
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Table 3 Correlation for basal and peak levels of plasma 
salicylate in 11 cases 





Case no. Daily dose Basal level* Peak levelt 
(mg/kg) (mg/100 ml) (mg/100 ml) 

7 48 2-2 5 

8 56.3 — 12-61 

9 67.5 7:2 14.8 

10 73.5 — 21-2 

11 75-7 15-6 19-3 

12 78.4 13-4 18-4 

13 80-0 15-7 16-4 

14 83-7 — 16-0 

15 88-8 16-85 17-6 

16 90-9 16-5 28.3 

17 93.7 13 17.0 

8 93.8 — 32* 

8 112-6 26 29t 





*r2 — 85.497. P<0-01, 

ir? = 47-6%, P<0-01. 

All patients were treated only with acetylsalicylic acid except Case 8 
who received sodium salicylate or microencapsulated acetylsalicylic 
acid. 


Some kinetic aspects of salicylate therapy in clinical 
conditions studied. 


(a) Apparent plasma half-life and dose administered 
(Fig. 4). Using a graphic method, we calculated the 
plasma half-life of salicylates in 10 cases. Blood 
samples were taken at 3-7 and 12 hours (7 cases) or 
at 2:4 and 7 hours (3 cases) after salicylate admini- 
stration (dose, 48-108 mg/kg per day). We founda 
significant correlation between salicylate dose and 
half-life which is typical of saturation kinetics (Levy, 
and Yaffe, 1974; Levy, 1968; Levy et al., 1972). This 
helpsto explain the great variation in plasma salicylate 
levels between individuals in so far as relatively small 
differences in dose can cause large variations in 


50 r2=61-5 P<0:05 
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Fig. 4 Correlation between salicylate dose and plasma 
half-life. 


apparent half-life and hence in plasma salicylate 
concentrations (Paulus et al., 1971; Levy and 
Tsuchiya, 1972). From the practical point of view 
it is therefore difficult to calculate beforehand the 
alterations in dose necessary to lower or raise 
salicylate levels to a desired extent. An empirical 
approach should therefore be adopted, changing the 
dose gradually while plasma salicylate concentrations 
are repeatedly monitored. 


(b) Urinary excretion of salicylates and their meta- 
bolites. When the dose per kg is increased the per- 
centage of the total metabolites excreted as salicyluric 
acid falls, while that excreted as free salicylate 
increases (Fig. 5). This could be caused by variations 
in urinary pH (MacPherson et al., 1955), although 
in our cases the pH of the urine only ranged between 
5 and 6. We interpret our results, obtained on the 24- 
hour urines of 7 children, as confirming the limited 
capacity of the liver to conjugate salicylate with 
glycine, which is likely to be the first process to be 
saturated (Levy, 1968; Levy et al., 1972; Gibson 
et al., 1975). 

In Fig. 6 plasma salicylate level is related to the 
urinary excretion (as percentage of the administered 
dose) of free salicylate, and of total metabolites in 11 
patients. There is a clear correlation between plasma 
salicylate concentration and the urinary excretion of 
free salicylate, but not of salicyluric acid or total 
metabolites. These observations agree with those of 
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Fig. 5 Percentage of the administered dose excreted 
as salicylate. 
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Fig. 6 Concentration of blood salicylate at 21-3 hours 
and percentage of the administered dose excreted. 
Influence of corticosteroids. 


Gibson et al. (1975). Simultaneous administration of 
steroids increases the urinary excretion of free 
salicylate, salicyluric acid, and total metabolites, 
expressed as a percentage of excretion related to the 
salicylate dose (Fig. 5) or to plasma salicylate level 
(Fig. 6). 


Conclusions 


To determine the optimal salicylate dosage in children 
with rheumatoid arthritis, we consider that the dose 
should be varied on the basis of the measure- 
ments of plasma salicylate levels as well as on the 
clinical effects. Systematic monitoring of plasma 
salicylate concentrations may not, however, com- 
pletely avoid the danger of intoxication because of 
individual sensitivity to the drug, so that regular 
clinical checks must be made to detect mild clinical 
signs of toxicity (such as hyperpnoea). 

The relation between salicylate dosage and half- 
life, typical of saturation kinetics, must also be 
taken into account when changing the drug dose: 
small changes of dose can produce large changes in 
plasma salicylate level. Finally, when corticosteroid 
or ACTH therapy is used in conjunction with salicy- 
lates larger doses of salicylates will be required to 
attain a satisfactory plasma level. 


This work was supported by CNR contract no. 
76.00631.83. 
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Ataxia telangiectasia 


Evaluation of radiosensitivity in cultured skin fibroblasts as a diagnostic test 
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SUMMARY The sensitivity to x-ray inactivation of cultured skin fibroblasts from clinically confirmed 
and suspected cases of ataxia telangiectasia was compared with that of cultures from normal subjects. 
The results confirm previous observations of an association between ataxia telangiectasia and 
enhanced in vitro radiosensitivity, and also suggest that clonal survival of x-irradiated cultures of 
skin fibroblasts is a valuable technique for confirming the diagnosis of the disease. 


The early clinical diagnosis of ataxia telangiectasia 
(AT) is often difficult to make (Boder, 1975). While 
ataxia is usually present from an early age, the other 
principal features of this syndrome may not be 
apparent until much later. Although the diagnosis 
can be supported by the finding of abnormal humoral 
and cell-mediated immunity (Peterson er al., 1963), 
raised levels of alpha-fetoprotein (Waldmann and 
McIntire, 1972), and cytogenetic abnormalities 
(Hecht et al., 1966), it is basically on clinical grounds 
that the diagnosis is made. 

Patients with AT appear to be abnormally 
sensitive to the effects of x-rays (Gotoff et al 1967; 
Morgan et al., 1968; Cunliffe et al., 1975). Following 
these radiotherapeutic observations, Taylor ef al. 
(1975) found that cultured skin fibroblasts from AT 
patients showed enhanced sensitivity to the in- 
activating effects of y-rays. The radiosensitivity of 
AT is also manifest in the high frequency of chromo- 
some abnormalities after in vitro irradiation of 
lymphocytes from patients (Taylor et al., 1976). 
Biochemical studies with cultured fibroblasts have 
provided evidence that, in some strains, the radio- 
sensitivity of AT is associated with deficiencies in 
enzyme systems that repair damaged DNA (Paterson 
et al., 1976) and it has been suggested that DNA 
repair-deficiency represents the primary defect in 
AT (Taylor et al., 1976; Paterson et al., 1976). 

We have studied the clonal survival of x-irradiated 
cultures of skin fibroblasts from clinically ‘definite’ 
cases of AT, from patients in whom the diagnosis was 
thought probable but who lacked oculocutaneous 
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telangiectasia, and from patients in whom the clinical 
diagnosis was thought possible but unlikely. The 
results of these studies suggest that quantitative 
clonal survival techniques that measure the radio- 
sensitivity of freshly-isolated human cells (Cox and 
Masson, 1974) are valuable in confirming the diag- 
nosis of AT. 


Patients and methods 


Patients. Group I: 3 patients (from a group of 15) 
with a definite clinical diagnosis of AT. Group II: 
4 patients with a probable clinical diagnosis of AT, 
although there was no oculocutaneous telangiectasia 
(Table 1A). Group III: 4 patients in whom the 
clinical diagnosis of AT was considered ‘possible’ 
but improbable (Table 1B). 


Skin biopsies. After initial cleansing of the skin, a 
small area of the flexor surface of a forearm was 
anaesthetised with an intradermal injection of 
0:5-1:0 ml 1 % lignocaine. An area of skin 1-2 mm 
diameter was excised and the sample transferred to 
10 ml sterile cell culture medium (see below). The 
wound was covered with a dry dressing and complete 
healing occurred within a week. 


Initiation and maintenance of fibroblast cultures. Skin 
biopsies were cut into small fragments using sterile 
scalpels and the fragments (5-10) were anchored to 
the growth surface of 25 cm? plastic culture flasks 
with plasma clots. Culture medium (8 ml) was added 
and the skin fragments were incubated at 37? in 
95% air plus 5% CO, for up to 8 weeks. The culture 
medium in all experiments was Eagle's Minimal 
Essential Medium containing 50 IU penicillin, 
50 ug/ml streptomycin, and supplemented with 10°% 
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Table 1 Summary of relevant clinical data in 4 ‘probable’ and 4 ‘possible’ cases of ataxia telangiectasia (AT) 














Patients Age Sex Family history Ataxia Chorea Oculomotor Infective Other relevant clinical 
(vears) apraxia problems findings 
A: Probables 
AT6LO 4-5 M — + + T — 
ATILO 11 M — + + + — Spastic diplegia 
ATIILO 5 F — T — _ + — 
ATSLO 14 M — u u -— -- Possible early ocular 
telangiectasia 
B: Possibles 
AT9LO 2-5 F Parental consanguinity + + — — 
AT7LO 10 F — + — -+ — Mild spastic diplegia; 
low IQ 
AT4LO -4 M — + T + — Acute onset of ataxia 
at age 6 m 
ATI2LO 2.5 F Parental consanguinity; + — — — Spastic diplegia 
sister with a similar 
condition 
+ = present; — = absent 
fetal calf serum. Culture medium in primary Results 


cultures was renewed weekly. When the outgrowth 
of cells from each skin fragment exceeded 1 cm 
diameter, the cells were removed from the flask by a 
5 minute incubation at 37° in a solution of 0:15; 
trypsin plus 0:4 mg/ml EDTA. The cells were then 
resuspended in fresh medium and reinoculated into 
fresh flasks (5:10? cells/25 cm? flask containing 8 ml 
medium). These secondary cultures were maintained 
in exponential growth by regular subculture. 


Estimation of radiosensitivity of fibroblast cultures. 
The sensitivity of fibroblast cultures to 250 kV 
x-rays was estimated using clonal survival of single 
cells from an irradiated population as a measure of 
radiosensitivity (Cox and Masson, 1974, 1975). Cells 
were irradiated with x-ray doses of up to 450 rad 
(dose rate 50—250 rad /min) 20 hours after attachment 
to the growth surface of 9 cm diameter plastic Petri 
dishes. Estimates of radiosensitivity were made in 
quadruplicate on cells from the second and fourth 
subculture using a feeder layer technique described 
previously (Cox and Masson, 1974). Each experi- 
ment was made up of two series of Petri dishes: 
series I, where the number of cells on dishes was 
based upon the radiosensitivity of normal human 
fibroblasts (Cox and Masson, 1974, 1975); and 
series II, where the number of cells on dishes was 
based on the known radiosensitivity of fibroblasts 
from AT patients (Taylor et al., 1975). After x- 
irradiation, dishes each received 10 ml fresh culture 
medium and were incubated in 95% air plus 5% 
CO, at 37° for 14-18 days; after this time clones of 
surviving cells were stained with 0-25% azur A dye 
and counted using a low power microscope. The 
fraction of cells surviving each dose of radiation was 
calculated with respect to the cloning efficiency of 
unirradiated cells. 


Growth of fibroblast cultures. Incubation of skin 
fragments for 4 to 6 weeks usually produced 
sufficient outgrowth of fibroblasts to allow sub- 
culture. In 2 cases (ATSLO and ATSLO), incubation 
for 8 weeks was necessary. The population doubling 
time of secondary fibroblast cultures from patients 
varied; those cultures later found to be radio- 
sensitive generally grew more slowly and had a lower 


Table2 Cloning efficiency and radiosensitivity of 
early passage fibroblast cultures from normal humans and 
patients with confirmed or suspected ataxia 








telangiectasia 
Subject* Sex Mean cloning Radiosensitivity 
efficiency —— — 
(25 Mean x-ray Dot + SE (rad) 
Normal M & Range 40-90 Range 100-160 
F 
Definite AT 
AT2LO F 18 40 + 1 
AT3LO F 5 49+ 1 
ATSLO M 7 48 +4 
Probable AT 
ATILO M 57 80 + 2 
AT6LO M 20 50 +2 
ATSLO M 2 78 +3 
ATIILO F 30 39 + 1 
Possible AT 
AT4LO M 95 126 +2 
AT7LO F 65 122 +2 
AT9LO F 46 104 + 6 
ATI2LO F 58 123 +2 





*Normal human fibroblast cultures were initiated from (a) fetal lung 
and skin (male and female, 8-14 weeks, 10 samples); (b) adolescent 
skin (male 15 yr, 1 sample); and (c) adult skin (male 26 yr, 1 sample). 
For details of AT patients see text and Table 1. 

tCalculated by linear regression analysis of data shown in Figs. 1-3. 
Range of Do values for normal humans includes x-ray survival data 
from other laboratories (Albertini and DeMars, 1973; Weichselbaum 
et al., 1976); x-ray survival curves for normals are not shown. 
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cloning efficiency than those of normal radio- 
sensitivity (Table 2). Extended division cycles 
(Elmore and Swift, 1976) and low cloning efficiencies 
(Hoar, 1975) have been noted in previous studies with 
cultured AT fibroblasts. 


Radiosensitivity of fibroblast cultures. The observa- 
tions on cell survival in fibroblast cultures after 
different doses of x-rays are shown in Figs. 1-3, each 
of which also shows the normal range of response. 
The 3 cases of definite AT are clearly abnormal. 
None of the 4 possible cases is at all abnormal. 

Data on cell survival of the type shown in Figs. 1-3 
can be fitted to the classical exponential survival 
equation: surviving fraction = eP, where A 
is a constant and D is the dose of radiation. A 
common convention is to characterise such curves 
by Do = 1/4 = the radiation dose required to 
reduce the number of surviving cells to 0:37 of the 
initial number. The more sensitive the cells the 
smaller the value of Do. 
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Fig. 1 X-ray dose-response for inactivation of 
fibroblast cultures from group I (definite AT) patients. 
B = A72LO; O = AT3LO; A = ATSLO. Broken 
lines represent survival range of normal control cultures 
(see Table 2). 


Do values for our 3 group I (definite AT) patients 
were in the range 30-50 rad (Fig. 1, Table 2), 
approximately three times smaller than the value for 
normals and similar to those of 3 AT cases studied 
by Taylor et al. (1975). Of our 4 group II (probable 
AT) patients, 2 gave Do values comparable with 
those of definite cases and 2 gave Do values inter- 
mediate between definite cases and normals (Fig. 2, 
Table 2). The 4 patients in group III (possible AT) 
all gave Do values in the normal range (Fig. 3, 
Table 2). 

When a culture was found to be extremely radio- 
sensitive (Do 30-50 rad) the Petri dishes in series I 
of the experiment (number of cells seeded based on 
normal radiosensitivity) contained few surviving 
clones. Conversely, cultures with normal radio- 
sensitivity produced confluent growth on Petri 
dishes in series II (number of cells seeded based on 
extreme radiosensitivity). For cultures of inter- 
mediate radiosensitivity, it was possible to count 
surviving clones in both series of Petri dishes. 
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Fig. 2 X-ray dose-response for inactivation of 
fibroblast cultures from group II (probable AT) patients. 
e — ATILO; ^ — AT6LO; 9 — ATSLO; 

[] = ATIILO. Broken lines as in Fig. 1. 
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Fig. 3 X-ray dose-response for inactivation of 
fibsoblast cultures from group III (possible AT) patients. 
O = AT4LO; A = AT7LO; L] = AT9LO; 

4 = ATI2LO. Bars at 25, 50, and 100 rad give range 
of survival values for all cultures. Broken lines as in 
Fig. 1. 


Discussion 


The clinical features of AT have been extensively 
reviewed (Boder, 1975). Boder and Sedgewick (1963) 
included 101 cases in their comprehensive study. 
Our clinical finding for 15 cases of definite AT 
accord closely with those of Boder and Sedgewick 
but due to the late appearance of characteristic 
oculocutaneous telangiectasia the correct diagnosis 
in many of these cases was not made until late in the 
first decade of life. Pyramidal tract involvement in 
these patients, and chorea sufficiently severe to mask 
the ataxia in 3 other patients, also served to delay 
correct diagnoses. 2 of the 15 patients presented with 
the problems of severe immune deficiency and only 
later were the clinical features of AT identified. 

Defects in humoral and cellular immunity are very 
common in patients with AT, but not invariable. 
Raised alpha-fetoprotein levels have been shown in 
a group of 20 patients with AT (Waldmann and 
McIntire, 1972) and is undoubtedly a valuable 
diagnostic feature in suspected cases. Spontaneous 
in vivo cytogenetic abnormalities are well recognised 
in AT (Hecht er al., 1966; Polani, 1976) and the in 
vitro finding of chromatid type aberrations in the 
first metaphase of Go irradiated lymphocytes from 
AT patients (Taylor et al., 1976) may provide the 
basis of a useful laboratory test for diagnosis of the 
disease. 
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Taylor et al. (1975) showed that the raised radio- 
sensitivity of cultured fibroblasts from AT patients 
clearly distinguished them from cultures of normal 
subjects. The data presented here confirm this and in 
addition allow comment upon the diagnostic value 
of clonal survival techniques for AT. 

Patients in whom the diagnosis of AT was incom- 
plete (groups II and III) provided examples of 
extreme (‘classical AT), intermediate, and normal 
radiosensitivity. In 2 group II patients extreme radio- 
sensitivity provided a provisional diagnosis of AT. 
Radiosensitivity intermediate between this extreme 
level and the normal, as in our other group H 
patients, suggests genetic heterogeneity in AT, a 
possibility that accords with biochemical evidence 
(Paterson ef al., 1976) and also with our clinical 
impression of phenotypic variability in the disease. 
An example of genetic heterogeneity associated with 
different sensitivities of cultured fibroblasts to a toxic 
agent may be found in the ultraviolet light-sensitive 
human syndrome, xeroderma pigmentosum (XP). 
In this genetic disease the UV sensitivities of fibro- 
blast cultures from some genetically distinct patients 
(XP variants) are either normal (Cleaver, 1972) 
or intermediate between those of classical XP and 
those of normal (Robbins et al., 1976). 

Recently it has been found that individuals with 
genetic diseases other than AT may also show a 
degree of x-ray sensitivity (Weichselbaum ef al., 
1977; C. F. Arlett, personal communication). 
Consequently, until further clinical evidence is 
available and biochemical studies have been made, 
it is not possible to assign the intermediate x-ray 
sensitivities of ATILO and ATSLO to (a) a genetic- 
ally distinct form of AT, (b) the moderating effect of 
other genes, or (c) a different defect also associated 
with enhanced radiosensitivity. X-ray sensitivity, as 
measured by clonal survival of cultured cells, is a 
gross phenotype and is probably influenced by a 
number of genes. AT may therefore be only one of a 
number of hereditary defects associated with some 
degree of radiosensitivity. If so, a spectrum of 
different radiosensitivities is to be expected in the 
human population and inevitably there will be some 
overlap in sensitivity between different subpopula- 
tions in the spectrum. Consequently, the technique 
described here cannot be regarded as a definitive 
test for AT. 

We have preliminary evidence that radiosensitivity 
of cultured fibroblasts in early passage represents a 
stable genetic trait in normal humans. Provided that 
this also applies to AT patients then clonal survival 
of irradiated fibroblast cultures is a valuable 
diagnostic test for suspected cases of AT and will 
allow an early presumptive diagnosis of AT to be 
made in cases exhibiting extreme radiosensitivity. 
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The existence of intermediate x-ray sensitivities and 
the comparisons already made between AT and XP 
argue that patients failing to show in vitro radio- 
sensitivity (e.g. our group III patients) should not, 
on these grounds alone, be excluded as possible cases 
of AT. We further suggest that any patient presenting 
early in life with severe immune deficiency might also 
be helpfully studied in this way. 

Compared to cytogenetic analysis of radiosensi- 
tivity, the cell survival technique reported here offers 
two main advantages for diagnosis of AT. (1) It does 
nct require any special operator training beyond that 
normally used for the culture of cells. (2) It is less 
subjective since macroscopical cell colonies are 
scored rather than microscopical and often complex 
chromosome configurations. The disadvantage of 
the cell survival technique is that in its present form 
it requires a large number of cells (~2> 109) and 
takes a minimum of 7 weeks to complete. Con- 
sequently, cytogenetic analyses of the type used by 
Taylor et al. (1976) may be more suitable for antenatal 
diagnosis of AT in cultured amniotic cells. 


We thank W. K. Masson for valuable experimental 
assistance and M. J. Corp and P. J. V. Adams for 
x-irradiations and dosimetry. R.C. also thanks 
Dr R. H. Mole and Professor C. O. Carter for help 
in initiating this work. 
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SUMMARY Twenty-eight children in remission at least 2 years after completing chemotherapy for 
acute lymphoblastic leukaemia were assessed on standardised psychological tests. It was found 
that 7 who never had central nervous system (CNS) irradiation and 9 having prophylactic CNS 
irradiation at least 6 months after diagnosis tended to perform at average or above levels, while 
those 10 each having prophylactic CNS irradiation (within 2 months of diagnosis) were generally of 
lower ability. Within the latter group, 3 children showed serious intellectual impairments, while the 
group as a whole functioned especially poorly on quantitative tasks and those involving speeded 
performance with abstract material. General language ability was not affected. Practical and 


theoretical implications are discussed. 


Research on the effects of brain insults early in life 
has led to two opposing views regarding subsequent 
recovery. It has frequently been argued that injury 
to the central nervous system (CNS) in the young is 
less severe than the effects of comparable injury in 
the adult, and that the developing organism is 
therefore endowed with compensatory mechanisms 
which the adult lacks. In line with this view, studies 
of brain injury (Lenneberg, 1967) have claimed that 
apparently similar degrees of injury have a less 
deleterious effect on the young than on the adult, and 
this applies especially to the recovery of language 
functions. The alternative to this hypothesis of 
sparing of the younger brain is the view that the less 
developed brain is, in fact, more vulnerable to 
adverse influences than the mature brain (Dobbing, 
1968). Thus, although extreme malnutrition does not 
appear to cause intellectual deterioration in the 
adult, the effects on the young are severe and often 
irreversible (e.g. Hoorweg and Stanfield, 1976). 
With recent advances in the treatment of childhood 
leukaemia, especially acute lymphoblastic leukaemia 
(ALL), a new group of children is emerging who have 
survived early brain insults, notably in the form of 
CNS irradiation and long-term chemotherapy. The 
purpose of this paper is to report on the intellectual 
development of this group of children. 

There have been several reports that the survivors 
of ALL and its treatment show abnormal psycho- 
logical and psychiatric functioning. Meadows and 
Evans (1976), for example, studying 23 children at 
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least 5 years after diagnosis, reported that only 9 
showed no abnormal psychiatric functioning, and 
that the incidence of pathology was greater among 
those treated by CNS irradiation than those not 
undergoing this treatment. Only one of 5 children 
assessed psychologically was reported to show 
‘normal’ intellectual ability. Eiser and Lansdown 
(1977) studied 15 children, all of whom had under- 
gone a course of CNS irradiation followed by at 
least 2 years of chemotherapy. When assessed, they 
were no longer undergoing treatment but remained 
in remission. The performance of each child on 
standardised psychological tests was compared with 
that of one other child, matched in terms of age, sex, 
and social class, but with no history of serious illness. 
For children beginning treatment after 5 years of 
age, there were no differences on any tests between 
those treated for ALL and their matched controls. 
Children beginning treatment before this age, 
however, tended to function at levels below their 
controls. The difference in favour of the healthy 
children was particularly noticeable in measures of 
quantitative, memory, and motor skills, but not in 
measures of verbal ability or reading. 

An apparent contradiction to these findings is 
found in a study by Soni et al. (1975) who reported 
that children treated for ALL by CNS irradiation 
did not function at lower intellectual levels than 
either (1) children treated for solid tumours by 
irradiation to parts of the body other than the CNS, 
or (2) children treated for ALL but not by CNS 
irradiation. However, there are three main problems 
associated with these findings. First the number of 
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children assessed was very small (only 5 children in 
one group). Second, Soni eż al. did not control for 
age when comparing children treated for ALL and 
for solid tumours (mean age of former group, 5 years; 
of latter group, 10 years). Third, it was noted that on 
repeated testings children with solid tumours 
actually improved their scores, while those treated 
for ALL simply maintained base rates of functioning. 
A. possible inference from this finding may be that 
CNS irradiation impairs performance over time by 
blunting the child's ability to benefit from previous 
learning experiences. 

Indications of impairment such as these raise at 
least two questions for future research. Of major 
interest is the possible cause of impairment. Although 
CNS irradiation might be the crucial factor, other 
researchers have argued that chemotherapy, or an 
interaction between chemotherapy and CNS irradi- 
ation, may be as important (Price and Jamieson, 
1975). Reduced school attendance may also be 
involved, although this was not found to be so by 
Eiser and Lansdown (1977). The child's intellectual 
growth may also be affected by psychological stress 
associated with unpleasant medical procedures, or 
by parents’ and teachers’ attitudes to the disease 
(e.g. McCarthy, 1975). Finally, there may well be a 
deteriorating process associated with the disease 
itself. Under current treatment regimens it is not 
possible to isolate any of these causes. However, 
given previous findings regarding the effects of 
irradiation on intellectual ability (e.g. Wood et al., 
1967), this study attempts to assess children treated 
for ALL but differing primarily with regard to 
whether, and when, they received CNS irradiation. 

A second question relates to the degree and type of 
impairment experienced by the child. Previous 
research has not been directed at the issue of whether 
the overall impairment noted is the result of a small 
generalised deterioration among all children (as 
would be predicted by the hypothesis of vulner- 
ability), or whether a proportion of children show 
more serious deficits. In addition, it is not established 
that children treated for ALL show deterioration in 
all modes of intellectual functioning, or if some 
abilities are more at risk than others. Typically, 
in cases of brain injury, language ability is not 
affected, while measures involving problem solving 
in novel situations (Reed and Reitan, 1963), or 
tests involving heterogeneous skills (such as in the 
coding subtest or the WISC; Reitan, 1966) are 
particularly sensitive. 


Method 


Twenty-eight children took part in the study; all 
being patients at the Hospital for Sick Children, 


the Royal Marsden Hospital, Sutton, Surrey, or the 
Royal Hospital for Sick Children, Bristol. The 
criterion for inclusion was that all children should 
have remained in remission for at least 2 years 
after completion of chemotherapy. For the purpose 
of the study children were divided into three groups 
according to when they had undergone CNS 
irradiation. One group of children had never had 
this form of treatment. A second group of 9 children 
had had prophylactic CNS irradiation at least 6 
months after diagnosis; and a third group of 10 
children had the more standard treatment of pro- 
phylactic CNS irradiation within 2 months of 
diagnosis. Details of the three groups are given in 
Table 1. 

In addition, the scores of 2 children will be con- 
sidered separately. One child (A) had undergone 
CNS irradiation after a known CNS relapse, and a 
second child (B), although undergoing CNS irradia- 
tion early after diagnosis, had received a reduced 
dose (1000 rads) to the cranium. All other children 
undergoing CNS irradiation had received dosages in 
the region of 2400 rads to the cranium, while some 
had also had lower levels of irradiation to the spine. 

All children were assessed individually using 
(1) the revised Wechsler Intelligence Scale for 
Children and (2) the Burt reading test. 


Results 


Children's scores on all tests were converted to the 
standardised forms, and mean standardised scores 
for each of the three groups were compared using 
Duncan's multiple ranges test (Table 2). Non- 
significant differences between any two groups are 








Table 1 Details of the three groups studied 
No CNS Delayed Early CNS 
irradiation CNS irradiation 
irradiation 

No. of boys 3 7 3 
No. of girls 4 z 7 
No. in different treatment 

regimens 
UKALL I 2 3 3 
UKALL II — 1 T7 
Concorde I — — 
Non-standard 4 5 — 
Age (m) 

Mean 161 131 135 

Range 103-226 98-186 103-189 
Time on chemotherapy 

Mean 33 42 28 

Range 20-48 6-84 18-38 
Time since treatment 

stopped 

Mean 60 42 33 

Range 32-103 24-114 24—54 
Age at irradiation 

Mean -—- 62-2 76-2 

Range — 31-109 38-132 


eee 
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Table 2 Mean scores for the three groups, no CNS 
irradiation, delayed, and early CNS irradiation 


E ám ——————— —— 





No Delayed Early 

irradiation irradiation irradiation 
Full scale IQ 102.4 a 108-8 a 88-6 b 
Verbal scale IQ 98-Oa 108-2 b 92.0a 
Information 8.14 a 9.56 a 7-70a 
Similarities 11:29 a 12-78 a 8-70 b 
Arithmetic 9.43a,b  10:89a 7-70 b 
Vocabulary 9.86 a 12-56 b 10-20 a 
Digit span 10:29 a 10-56 b 9.40 a 
Performance scale IQ 107.3 a 108.0 a 87-7 b 
Picture completion 11:71a 11:78 a 9-00 b 
Block design 11:57a 11:78 a 8.80 b 
Object assembly 10-43 a 9.78 a 7-00 b 
Coding 10.57 a 10.56 a 7-60 b 


ee 
Nonsignificant differences between two groups are indicated by same 
subscripts; significant differences (P<0-05) by means of different 
subscripts. 


indicated by use of the same subscripts, while any 
significant (P<0-05) differences in scores between 
two groups are indicated by different subscripts. 

In general, differences between the groups having 
no CNS irradiation and delayed CNS irradiation are 
negligible, while both groups tend to perform con- 
sistently above the group undergoing early CNS 
irradiation. This difference applies to overall IQ 
score. It does not apply to verbal IQ alone, nor to 
some of the components of this scale, including 
measures of general information, vocabulary, and 
short-term memory (digit span). However, the 
group having early CNS irradiation scored lower 
than the other groups on the similarities subtest 
(involving verbal reasoning rather than overlearned 
language skills) and arithmetic. A similar pattern 
showing relatively superior abilities among those 
having no or later CNS irradiation was found on the 
performance scale IQ, and on all subtests of this 
scale. Thus, children undergoing early CNS irradia- 
tion score as well as children in the other groups only 
on measures of language ability. They score below 
these two groups in both quantitative and verbal 


reasoning tests, and in all measures of the perform- 
ance scale which involve novel and abstract 
material, usually where speed is also critical. 

Reading ages of all but 2 children were appropriate 
for their chronological ages. The two exceptions 
were in the group having early CNS irradiation, both 
children scoring 2 years below expected levels. 

In order to assess whether the observed poor 
performance of children in the early irradiation 
group reflected slightly lower scores for all or if a few 
children functioned at very much lower levels, the 
individual scores for verbal and performance scale 
IQ are given in Table 3. 

The verbal scale IQ is comparable for all three 
groups, and this also applied to the subtests of this 
scale, as shown in the example of the vocabulary 
subtest. For performance scale IQ, however, it was 
apparent that children in the no irradiation or de- 
layed irradiation groups were in the average to 
above-average range. Individual scores for children 
in the early irradiation group are generally lower. No 
child scored in the above average range (— 110) and 
only half scored within an average range (90-110). 
This pattern was reflected in all subtests of the scale, 
as shown by the scores on the coding subtest. Both 
findings might be tentatively interpreted as support 
for the idea of generalised deficit among all children. 
In addition, 3 of the 10 children obtained perform- 
ance scale scores (— 80) indicative of more severe 
deficits in intellectual potential. 

As shown in Table 4, a series of correlations were 
conducted between factors such as the age the child 
had CNS irradiation, length of time undergoing 
chemotherapy etc., with scores on all tests. These 
correlations were conducted separately for each of 
the three groups. There was only one set of statistic- 
ally significant findings; among children undergoing 
delayed CNS irradiation, those having irradiation 
at a younger age tended to have lower scores than 
those undergoing the same treatment at a later age. 
Although such a correlation was not found for 


Table 3 Individual scores on verbal scale IQ (VSIQ) with vocabulary subtest and performance scale IQ (PSIQ) 


with coding subtest 
No CNS irradiation 


VSIQ Vocab PSIQ Coding VSIQ Vocab 
98 11 118 12 119 13 
91 10 111 11 119 15 

112 12 111 12 106 13 
95 10 106 9 122 15 
97 9 104 10 108 11 
37 8 101 10 96 9 
106 9 100 10 106 15 

106 13 
91 9 
112 (A) 13 


Delayed CNS irradiation 


Eearly CNS irradiation 








PSIQ Coding VSIQ Vocab PSIQ Coding 
126 14 97 (B) 8 108 11 

123 16 94 13 108 10 

115 10 105 11 106 10 

112 10 97 12 104 10 

108 7 79 8 100 8 

100 8 95 11 92 


6 
100 12 82 8 86 8 
96 11 97 11 85 7 
92 7 81 7 74 7 
92 8 106 14 68 J 
3 
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Table 4 Correlations between age at irradiation and time since irradiation with scores for children 


having delayed CNS irradiation (n = 10) 


nnn? 


Age at irradiation 











Time since irradiation 


r P r P 
Full scale IQ 0-81 0-009 — 0-39 NS 
Verbal scale IQ 0-63 NS —0-36 2 
Arithmetic 0-74 0-022 —0-57 j 
Digit span 0-77 0-016 —0-05 ás 
Performance scale IQ 0-87 0-002 —0-37 " 
Block design 0-79 0-012 —0-49 2s 





children undergoing early CNS irradiation, there 
appears to be partial support for the earlier finding 
that younger children may be particularly at risk. 
There was no significant correlation between test 
scores and time since irradiation, suggesting that if 
irradiation is critical, its effects are not reversible 
over time. 

Finally, the scores of the 2 children who were con- 
sidered separately are shown in the tables where 
appropriate. The scores for the child having CNS 
irradiation following a CNS relapse (A) are lower 
than others undergoing delayed irradiation, but 
remain within a normal range. Further, this child 
still scored higher than half of the children under- 
going early CNS irradiation. His reading age was, 
however, 2 years below his chronological age. The 
child undergoing early CNS irradiation but at a 
reduced level (B), scored higher than other children 
uncergoing early CNS irradiation. 


Discussion 


These data suggest that the use of CNS irradiation 
does affect a child's subsequent intellectual ability. 
While the scores achieved by children in the non- 
irradiated groups are in the average to above- 
average range, children in the early irradiation group 
scored in the very low average to average range. 
Although it is not possible to conclude that early 
CNS irradiation causes this lowering of performance, 
it is clear that these children constitute a group of 
lower intellectual potential. 

It was previously reported that children treated for 
ALL at younger ages function at reduced rates 
compared with children beginning treatment after 
5 years (Eiser and Lansdown, 1977). Again it was 
found that children treated when younger scored 
lower than those treated when older for the group 
undergoing delayed CNS irradiation. The lack of 
positive correlations between children's scores and 
time elapsed since irradiation supports the notion that 
age of irradiation may be the critical factor. While 


the relationship between test scores and age of 


irradiation did not appear to be correlated among 
those undergoing early CNS irradiation, it is 


possible that the effect was masked due to the fact that 
2 of the 3 children showing marked deficits had not 
begun treatment until 10 years of age. This finding is 
not reconcilable with the theory of sparing of the 
younger brain (Smith, 1974), but could be predicted 
from a hypothesis of vulnerability (Dobbing, 1968). 
Much evidence is accumulating to suggest that 
sparing of the younger brain is probably less common 
than originally thought (Stein et al., 1973), and it is 
important to distinguish between recovery of func- 
tions and damage caused to functions before the 
actual development. 

The scores of the 2 children undergoing slightly 
modified therapies are particularly useful in con- 
junction with the group data. In the one case where a 
child was known to have experienced a CNS relapse, 
it is clear that his scores remained within average 
levels, and surprisingly, above levels achieved by 
some children in the early irradiated group. The 
second child who underwent early irradiation but at 
a reduced rate scored higher than other children in 
the early irradiation group. It is clear that the 
psychological effects of irradiation must be assessed 
in relation to the treatment received by the individual 
and variations from general practice such as these 
should be monitored especially carefully. 

In studies of this kind where multiple factors may 
be involved in the causation of intellectual deteriora- 
tion, it may be possible to derive some preliminary 
indications of the relative importance of different 
factors by examining the child's performance on 
different tasks, rather than operating with general 
IQ scores. In this respect it is suggested that there is 
less evidence that general psychological stress 
associated with medical treatment is involved than 
that actual damage occurs due to CNS irradiation 
and/or chemotherapy. Measures of both stress and 
lack of school attendance could be expected to be 
associated with deteriorating performance on all 
tests, while it is not clear that they should affect 
specific tests while leaving language and reading 
ability unaffected. Further, it is precisely those tests 
(performance scale items, especially coding) that 
have previously been associated with brain damage 
in childhood (Reitan, 1974), which are affected 


" 
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among these children. It is especially important to 
note those areas in which children treated for ALL 
might show special difficulties. Practically, the 
teacher may expect verbal achievements to be un- 
affected, while extra help in the area of quantitative 
skills may be a reasonable addition to the regular 
school curriculum. 

As all children assessed were attending normal 
schools and following relatively normal lives, it may 
be tempting to discuss such deficits as trivial. It is 
clear on closer inspection, however, that not all 
children are coping with their environment as easily 
as might be assumed, and this is particularly 
disturbing because from a medical point of view they 
represent an extremely 'successful' group. If such 
problems exist at least 2 years after completion of 
treatment, it may well imply that children still under- 
going treatment experience similar or even more 
serious problems. 

As with other research on clinical populations, 
there has been a tendency to regard all children 
treated for ALL as a homogeneous group, regardless 
of differences between patients in other experiences 
or precise differences in medical treatment geared to 
individual needs (Kinsbourne, 1974; Searleman, 
1977). Having established that there is some cause 
to be concerned for the intellectual abilities of 
survivors of childhood leukaemia, it is clear that in 
the future closer attention to such variables is called 
for. Only by monitoring the psychological develop- 
ment of the individual as a function of his treatment 
protocol can we hope to establish the precise mech- 
anisms of impairment among these children. 


The author is very grateful to Professor R. M. 
Hardisty and Dr J. M. Chessells of the Hospital for 
Sick Children, to Dr D. Lawson of the Royal 
Marsden Hospital, Surrey, and to Professor N. 
Butler and Dr M. G. Mott of the Royal Hospital 
for Sick Children, Bristol for help throughout this 
research; also Professor P. G. Graham, Dr R. 
Lansdown, and Mrs M. Lobascher for constructive 
advice at all stages of the project, and Miss P. 
Sorene for typing the manuscript. 
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Accidental intra-arterial injection 


J. M. WYNNE, G. L. WILLIAMS, AND B. A. H. ELLMAN 


From the Departments of Paediatric Surgery, Paediatrics, and Radiodiagnosis, Livingstone Hospital, 


Port Elizabeth, South Africa 


SUMMARY Accidental intra-arterial injection of intramuscular antibiotic preparations is described 
in 3 cases in infants. In 2 benzathine penicillin was injected, and in 1 rolitetracycline. The clinical 
features are dominated by arteriolar obstruction which produces gangrene of the most severely 
affected limb. In addition, neurological involvement occurs when vessels to nerves or spinal cord 
are involved. The anterolateral aspect of the thigh is preferable to the buttock as a site for intra- 
muscular injection, and a short (2-5 cm) needle should be used to minimise the risk of intra-arterial 


injection. 


The effect of accidental injections of bismuth into 
the superior gluteal artery was described by Gammel 
(1927) who found reports of 30 such cases consequent 
on injections of mercury or bismuth into the 
buttock. One mechanism had been demonstrated by 
Freudenthal (1924) who found bismuth crystals 
blocking the cutaneous arteries at necropsy. Nicolau 
in 1925 produced an analogous clinical picture by 
injecting into the ear arteries of rabbits. 

More recently a similar clinical picture has been 
described after intramuscular injeciton of an anti- 
biotic, penicillin (Shaw, 1966; Knowles, 1966; 
Brown and Nelson, 1966; Gordon and Dove, 1972). 
We report here 3 such cases, in 2 of which arterio- 
graphy was performed. 


Case reports 


Case 1. A 2-month-old coloured girl, weighing 
2940 g, was admitted with a past history of pre- 
maturity, gastroenteritis, indirect hyperbilirubin- 
aemia, and hypoglycaemia. Benzathine penicillin 
| mi and iron dextran (Imferon) 1 ml had been given 
into separate buttocks for a chest infection. One 
hour later discoloration of the limbs and distress 
were noted by the mother who brought the child 
back to hospital. 

On admission the infant was restless. Diffuse 
reticular mottling extended up to the umbilicus 
(Fig. 1). There was marked capillary stasis in the legs. 
By the next day when a surgical opinion was sought, 
areas of capillary staining were present on the feet 
and buttocks. Both dorsalis pedis pulses were 
palpable. There was loss of sensation in the right 
foot with paralysis of ankle movements. 
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Arteriography showed that the right superior 
gluteal artery did not fill (Fig. 2). There was stasis of 
the contrast medium distal to the popliteal artery 
bifurcation on the right side, with no distal filling 





Fig. 1 Case 1, showing mottled reticular appearance 
of both legs. 
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(a) 
Fiz.2 Case I. Arteriogram after retrograde injection 
of contrast medium via right femoral artery (a) During 
injection, showing nonfilling of right superior gluteal 
artery; (b) 4 seconds after injection, contrast reaching 
popliteal junction on the right and foot vessels on the 
left; (c) 16 seconds after injection showing persistence 
of contrast in the popliteal vessels. 


(b) 
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(c) 


in spite of the palpable pulses. On the left side there 
was prolonged visualisation of contrast in the small 
vessels of the foot. 

Tissue destruction was indicated by enzyme 
studies which showed SGOT 270 units, SGPT 140 
units, creatine phosphokinase 1200 units, LDH 1075 
units. Other investigations included Hb 9-5 g/dl, 
reticulocytes 10-7%, white cell count 22:3 x 109/I. 
Prothrombin index was 87:5% and the serum 
fibrinogen 1:88 g/l. Blood urea was 55 mg/100 ml 
(9:13 mmol/l). 

Treatment was with heparin, low molecular 
weight dextran, and prednisone. There was steady 
clinical improvement with recovery of sensation and 
movement. Gangrene of the distal foot developed, 
followed by spontaneous amputation. Further full 
thickness loss occurred in the buttock following the 
distribution of the gluteal artery (Fig. 3). Trimming 
of bone and skin grafting resulted in a functional 
forefoot. Healing in the buttock and leg left unsightly 
scars. She remained well, and is walking normally 
3 years later after further trimming of bone ends. 


Case 2. A 4-month-old black girl, weighing 5200 g, 
was given an intramuscular injection of 1-5 ml 
benzathine penicillin. 2 days later the mother noticed 
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Fig. 3 Case 1, showing necrotic areas in the buttock 
and calf. (The gangrene of toes and forefoot is not 
shown.) 


discoloration and weakness of the left leg. Examina- 
tion showed a healthy looking infant. There was 
paralysis of both legs, anus, and bladder. Sensory 
loss extended to the upper thighs. Both legs were cold 
with some mottling in the left leg where areas of 
capillary staining were noted. There was early 
gangrene of the toes and pulses could not be felt 
below the femoral artery. An indurated linear, 
slightly discolored nonblanching area in the superior 
gluteal distribution of the left buttock indicated the 
site of injection. On the right, pulses were present 
but there was some capillary stasis in the foot. 

Arteriography showed features similar to Case 1 
but the gluteal vessels were patent. There was 
marked stasis on both sides with failure of distal 
filling on the left. Contrast persisted in the upper 
tibial vessels for 30 seconds. 

Treatment included antiobiotics, heparin, and low 
molecular weight dextran. Autoamputation through 


the ankle joint preceded conservative trimming, 
suturing, and skin grafting. There was a slight 
improvement in the neurological deficit. The baby 
died at home 2 weeks after discharge apparently 
from an acute chest infection. 


Case 3. A 6-week-old coloured boy, weighing 2570 g, 
had received daily intramuscular injections of 
rolitetracycline 175 mg in a country hospital. He had 
been admitted with diarrhoea, vomiting, and fever 
3 days before transfer to our hospital. The right leg 
was noted to be swollen the day before transfer. 

On admission the infant was pale and listless with 
tachycardia. The right leg was paralysed. Frank 
distal gangrene extended to midcalf and bluish 
discoloration and ecchymosis to the thigh which was 
swollen. There were less severe changes in the left 
leg. Patchy mottling similar to Case 1 was noted on 
the back above the iliac crests. Only the left femoral 
artery could be palpated. Plasma sodium 145 mEq/l; 
potassium 4:6 mEq/l; chloride 118 mEq/l; urea 
180 mg/100 ml (29-9 mmol/l); total bilirubin 
0-5 mg/100 ml (8:55 umol/l); SGOT 42 units; there 
was a mild metabolic acidosis. Urine showed a trace 
of albumin and an occasional granular cast. Hb 
4-6 g/dl; white blood count 1:8 x 10°/l; platelets 
28 x 10?/l; fibrinogen 0-54 g/l; fibrinogen degrada- 
tion products in the blood were > 10 ug/ml. 

There was some deterioration over the first few 
hours, particularly in the left foot. This responded 
dramatically to heparin, low molecular weight 
dextran, and blood transfusion. The haematological 
abnormalities returned to normal over a few days. 
After autoamputation through the ankle joint 
projecting bone ends were trimmed, the tissues 
approximated, and areas of skin loss grafted. The 
child was walking well with a prosthesis 2 years 
later. 


Discussion 


Accidental intra-arterial injection of penicillin is 
most common in small babies (Table). It seems likely 
that the relatively large doses injected into the small 
arterial tree are responsible for the more florid 
presentation. In Gammel's (1927) 3 adult cases 
following injections of bismuth, the ischaemic area 
was localised to the buttock and in one the sciatic 
nerve was involved. In Gordon and Dove’s (1972) 
16-year-old boy, a massive 8 ml of penicillin alu- 
minium monostearate was used. 

The underlying mechanism was first suggested by 
Freudenthal in 1924. The viscous penicillin solutions 
are difficult to inject through the needle and must 
therefore be given forcefully (Gordon and Dove, 
1972). Aspiration is no guarantee that the needle tip 


b. 


Table Main features of reported cases 


Author Age Agent Volume Time of 
(m) (ml) onset 
Knowles (1966) 2 Benzathine 2 Immediate 
penicillin & 
procaine 
penicillin 
Shaw (1966) 
Case 1 15 as above 2 Immediate 
Case 2 21  asabove 2 Immediate 
Brown & Nelson (1966) 
Case 1 81  Benzathine 2 ld 
penicillin G 
Case 2 74 Penicillin ih 
Gordon & Dove 
(972) 16y Penicillin 8 Immediate 
aluminium 
monostearate 
Loubser (1973) 21 #Benzathine 2 Immediate 
penicillin G 
Present study 
Case 1 2 as above 1 lh 
Case 2 4 as above 1-5 2d 
Case 3 14 Rolitetracycline 1 Hours 


is not in the artery (Knowles, 1966). During admini- 
stration, particularly in a recalcitrant child, the 
needle may move and come to lie in the artery. When 
the drug is injected forcefully retrograde flow up 
into the iliac vessels occurs. In a small child it may 
shoot up into the aorta and be distributed to the 
spinal arteries, internal iliac vessels, and down both 
legs. 

The characteristic diffuse mottling may extend 
up to the level of the umbilicus. This is followed by 
ischaemia progressing to frank necrosis. Distal 
pulses may be present in spite of the evident sluggish 
flow of blood. Gangrene may involve one or both 
legs but is more severe on the side of the injection. 
The distal foot is usually affected and there may be 
necrotic areas higher on the leg. Gangrene of the 
buttock, the perineum, the vulva, the scrotum, and 
the penis may follow embolisation down the internal 
iliac arteries. Characteristically, areas of maximum 
involvement with gangrene occur on the buttock in 
the distribution of the gluteal arteries. 

Embolisation of the middle and inferior rectal 
arteries may result in a granular proctitis and rectal 
bleeding (Knowles, 1966; Gordon and Dove, 1972). 
The bladder may be affected (Brown and Nelson, 
1966). The artery to the sciatic nerve arises from the 
inferior gluteal artery and sciatic nerve palsy can 
oceur (Knowles, 1966). If the spinal artery given off 
by the lumbar branch of the iliolumbar artery is 
embolised, the result is a transverse myelitis; 
paralysis of both legs, bowel, and bladder will 
develop (Shaw, 1966). Serum enzymes may be raised 
due to necrosis of affected muscles (Gordon and 
and Dove, 1972). 

Sciatic and radial nerve palsies have all too often 
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Pulses Gangrene Rectum or Sciatic Paraplegia Enzymes 
bladder palsy raised 
involvement 

Present Yes Yes Yes No — 

— No No No Yes — 

Present No is Yes No — 

Absent Yes " $s No — 

Present as Yes xe Yes — 

— > Yes »» No Yes 

— - No No Yes — 

Present - is Yes No Yes 

Absent i dj No Yes — 

Absent is Yi No No — 


been attributed to the incorrect injection directly 
into the nerve, whereas many palsies have more 
probably been due to inadvertent intra-arterial 
injection. Blame has consequently often been unfairly 
placed on the physician or nurse administering the 
injection (Knowles, 1966). 

Case 3 had disseminated intravascular coagulation 
(DIC) which might be attributed to a preceding viral 
or bacterial infection. We believe that the tetracycline 
triggered the DIC process as a result of its direct 
irritant action on the vascular endothelium. 

Loubser (1973), using apes and baboons, was able 
to produce similar clinical features by injecting 
benzathine penicillin into the superior gluteal artery 
and demonstrated slowing of arterial flow. In addi- 
tion, he injected barium sulphate into the gluteal 
arteries of baboons and demonstrated the distribu- 
tion of barium through the arterial system by 
radiography. Arteriography in our 2 cases showed 
very marked stasis in the arterial tree. The contrast 
failed to reach the foot on the most severely affected 
side, although in Case 1 the dorsalis pedis was 
palpable. 

The actual mechanism whereby arteriolar occlu- 
sion is produced requires elucidation. Freudenthal 
(1924) showed bismuth crystals in the gangrenous 
tissues suggesting a mechanical obstruction. The 
antibiotic preparations responsible are viscous 
suspensions of antibiotics of low solubility designed 
for slow absorption (benzathine penicillin, penicillin 
aluminium monostearate, rolitetracycline). These 
finely suspended particles might be capable of 
obstructing finer vessels. Ehringer ef a/. (1971), 
however, report 2 cases of gangrene where penicillin 
intended for intravenous use was accidentally given 
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intra-arterially. We have seen one case of localised 
gangrene where sodium penicillin G was injected 
into an ‘intravenous’ infusion inadvertently inserted 
into the dorsalis pedis artery. These cases led us to 
the conclusion that there is a direct chemical effect 
on the arterioles. 

Apart from the risk of direct injection into the 
sciatic nerve the possibility of intra-arterial injection 
with its unfortunate sequelae must render the buttock 
an unsuitable site for injection, especially in small 
babies. The anterolateral thigh is the alternative and 
preferable site, using a needle no longer than 1 inch 
(2:5 cm), as recommended by Talbert et al. (1967). 
They report a case of femoral artery thrombosis in a 
child due to periarterial injection of penicillin. 
Injection into the lumen of the artery is clearly 
possible. 

We have used full heparinisation together with 
daily low molecular weight dextran in our cases. In 
Case 3 with DIC the response was immediate. 
Vasodilators or sympathectomy have not been used. 
Conservative amputations preserving as much tissue 
as possible have given good functional results. 


We express our appreciation to Mr J. R. McQuaide, 
FRCS, for assistance and advice. 
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Urinary excretion of glomerular basement membrane 
antigens in Alport's syndrome 


A new diagnostic approach 
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From the Department of Paediatrics, University of Vienna, Austria 


SUMMARY  Alport's syndrome is defined by the combination of hereditary nephropathy and neuro- 
sensory deafness, and is diagnosed from the family history combined with renal electron microscopy. 
Immunoelectrophoresis of the urine of 8 of 12 children suspected of Alport's syndrome showed a 
precipitation line moving into the 8-zone, applying an antiglomerular basement membrane antibody 
derived from an immunised rabbit. All patients who showed the typical pattern of Alport's syndrome 
on renal electron microscopy were among the 8 cases whose urine gave this immunoelectrophoresis 
pattern. Additionally, 5 of the mothers of the 8 children excreted the same antigen in their urine. 
The urine of 30 healthy children and of 10 patients with the idiopathic nephrotic syndrome did not 
show the presence of this antigen. This characteristic sign of Alport's syndrome may therefore be 


useful for its detection. 


Alports syndrome (AS) is a combination of her- 
editary nephropathy and neurosensory deafness 
(Marie, 1960; Perkoff, 1967). Additionally, abnor- 
malities of the eye (Faggioni et al., 1972), neuro- 
logical problems (Mainzer et al., 1970), and throm- 
bopathy (Royer, 1975) may be present. Most 
important for the diagnosis are the history of the 
whole family and the clinical picture. Since the 
disease became known, attempts have been made to 
find a characteristic symptom or morphological 
pattern to enable early and precise diagnosis. 

Foam cells in the interstitium of the glomeruli 
have been thought to be distinctive for AS (Gold- 
bloom ef al., 1957; Whalen et al., 1961), but the 
foam cells are not easily found in biopsy specimens 
and are not unique to AS (Krickstein ef al., 1966). 
The presence of small, fetal-like glomeruli has been 
considered helpful in diagnosis, but again they are 
not pathognomonic (Antonovych et al., 1969). For 
the findings on light microscopy in AS Krickstein 
ei al. (1966) have proposed the term ‘mixed nephr- 
itis’ to express the variable and uncharacteristic 
picture. 

Specific alterations of the glomerular basement 
membrane (GBM) on electron microscopy were 
Observed by several authors (Hinglais e£ a/., 1972; 
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Spear and Slusser, 1972; Churg and Sherman, 1973; 
Sessa ef al., 1974). Thickening, distortion, and trans- 
formation of the GBM into a network combined 
with electron lucent areas, containing sometimes 
small dark particles, was considered to be charac- 
teristic of AS. We ourselves found these changes in 
6 of 12 patients (Fig. 1) (Balzar et al., 1976). 

Hill et al. (1974) however observed similar 
changes in other nephropathies such as post- 
streptococcal nephritis and focal segmental glomer- 
ulosclerosis, and concluded that none of the 
appearances described was diagnostic of AS. 
Nevertheless, these morphological changes, when 
combined with the characteristic clinical picture and 
family history, are likely to lead to a correct diagnosis 
of AS. Immunofluorescence studies show no specific 
deposits in hereditary nephropathy (Kaufman et al., 
1970; Hill et al., 1974; Balzar et al., 1976). In 
summary, in the absence of a full family history, 
early and exact diagnosis of AS is still difficult. 

Considerations of pathogenesis based on heredity 
and a combination of renal, audiological, and ocular 
abnormalities led Spear (1973) to the conclusion that 
a defect common to the basement membranes might 
be caused by a defective composition of collagen. 
Evidence of abnormal constituents of the GBM in 
the urine of the patients with AS might therefore be 
helpful for the diagnosis of that disease. 


401 


402 Lubec, Balzar, Weissenbacher, and Syré 


Fig. 1 Case 12. 
Electron micrograph 
of kidney biopsy. 

(x 14 000). BM = 
basement membrane: 
in the upper part, 
normal structure; 
between the arrows 
are thickening, 
distortion, and 
electron-lucent areas 
with dark inclusions. 
END = endothelial 











cell; EPI = 
epithelial cell. 
Table 1 Clinical findings in patients with suspected Alport’s syndrome (AS) 
Case Age Sex Age of Haematuria Proteinuria Leucocytosis Kidney Light Electron Eyes Hearing No. of 
no. (years) onset Junction microscopy | microscopy defect affected 
(years) family 
members* 
1 17 Female 5 Yes, Slight Slight Normal Minimal Not Normal R. ear 3 
casts proliferative performed 
glomerulo- 
nephritis 
2 11 Female 14m Yes is i Reduced Refused E Normal 22 
3 8 Female 14 m $9 M No Normal w is is 22 
4 9 Female 24 Yes, casts No ás S Minimal AS j i 6 
changes 
5 5 Male 4 Yes 2i = - Minimal AS Strabismus  ,, 6 
changes 
6 10 Female 5 n - i Reduced Refused Normal Bilateral 3 
for high 
frequencies 
T 134 Female 3 we Slight Slight si Minimal Not ii Bilateral 3 
proliferative performed for low 
glomerulo- frequencies 
nephritis 
8 11 Male 8 s ^ No Normal Minimal AS »5 Bilateral 4 
proliferative for high 
glomerulo- frequencies 
nephritis 
9 9 Male 3 - " zà Reduced Minimal Not Strabismus Normal 2 
changes performed 
10 9 Male 6% Casts T Slight Normal Minimal AS Normal € 4 
changes 
11 6 Male 4} - - » / Minimal AS - » 5 
changes 
12 8 Female 8 i No No i Minimal AS - i 5 
changes 


nnn nnn SSS? 
*Interested readers may apply to the author for a duplicated copy of the family trees. 


Patients, materials, and methods 


Investigations of urinary excretion of GBM-antigens 
were made in 12 patients thought to have AS, details 
of whom are given in Table 1. Additionally, one 
family with hereditary nephrotic syndrome was 
examined (Table 2, XX VII-XXX), and one boy with 
noninherited chronic glomerulonephritis. As far as 
possible we tried to obtain urine samples of complete 
families. 30 healthy children and 10 children with 
the idopathic nephrotic syndrome served as controls. 


Preparation of antigen for immunisation. 8 normal 
human kidneys from persons aged between 20 and 40 
years were obtained at necropsy, washed and perfused 
with cold phosphate-buffered saline (PBS), and 
comminuted carefully. This homogenate was forced 
through a 115 mesh sieve (metal) allowing the 


Table 2  Immunoelectrophoresis and electron 
microscopy in patients with Alport's syndrome (AS) 
and their relatives 


Case no. Sex Haema- Electron Mobility Reference 
turia micro- of GBM- no. 
scopy antigen 
into B-zone 
2 Female Yes Yes I 
3 Male $i i II 
Mother sA $s HI 
Father No No IV 
4 Female Yes AS Yes V 
5 Male 29 AS ” VI 
Brother a a VII 
Mother i5 m VIII 
Father No No IX 
7 Female Yes - X 
Male Yes " XI 
Father No d XII 
Mother Yes m XIII 
Grand- 
mother’s 
mother Yes - XIV 
8 Male 2s AS Yes XV 
Mother x Yes XVI 
9 Male ‘i No XVII 
Mother bj 5i XVII 
Father No ‘a XIX 
10 Male Yes AS Yes XX 
Mother s No XXI 
Father No = XXII 
11 Male Yes AS Yes XXIII 
12 Femaie zi AS j XXIV 
Mother T 3) XXV 
Father No No XXVI 
*B1 Male Yes - XXVII 
B2 Male cs 5 XXVII 
Father No x XXI 
Mother Yes ‘a AAA 
*C Yes : XXXI 





*Family B were cases of familial nephrotic syndrome. 
Case C was a boy with chronic glomerulonephritis. 
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glomeruli to pass, while adding several litres of cold 
PBS. A second filtration followed through a sieve 
(mesh 150) holding back the glomeruli. The glomeruli 
were put in 300 ml cold (4°C) PBS and collected by 
sedimentation in an MSE refrigerated centrifuge at 
350 x g for 10 minutes; the supernatant was dis- 
carded. The pellet was resuspended and sedimented 
four times. Aliquots of the suspension were sonicated 
in an ice bath by an MSE ultrasonic disintegrator, 
applying several bursts of 1 minute each of 1-6 A, 
220 V at 5-minute intervals. The disrupted materia! 
was suspended in 1 M NaCl and centrifuged at 
1400 x g for 15 minutes. The GBM were washed 
three times in 1 M NaCl and three times in distilled 
water; the preparation was controlled by phase 
contrast microscopy and stored in the lyophilised 
state (Mahieu and Winand, 1970). 


Immunisation schedule. At 2-week intervals rabbits 
were injected intracutaneously with 10 mg GBM 
mixed with aluminium hydroxide and complete 
Freund's adjuvant (Difco). 2 months later the 
animals were bled by cardiac puncture. The sera 
were absorbed eight times by glutaraldehyde insolu- 
bilised human plasma (Avrameas and Ternynck, 
1969), platelets (twice), erythrocytes (three times), 
and white blood cells (three times). The absorbed 
sera were allowed to run against normal human serum 
in the double diffusion after Ouchterlony whereby 
no precipitation lines were found. Antibody activity 
against red blood cells was excluded applying a 
haemagglutination test and reactivity against plate- 
lets as well as white blood cells by agglutination 
assays. The anti-GBM-serum was tested by indirect 
immunofluorescence, producing a titre of 1:256 
using human kidney obtained by biopsy. Absorption 
experiments as described by McPhaul and Dixon 
(1969) were made to investigate the relationship to 
the GBM. 


Preparation of the patient's GBM antigen(s). The 
urine of patients was collected in plastic bottles 
containing 1% merthiolate. After ultrafiltration in 
an Amicon stirred cell (diaflo UF 2000) applying 
a membrane permeable for molecular weights below 
20 000, they were dialysed against 0-1 M phosphate 
buffer of pH 7:4. Urines were concentrated 200 
times and the protein content adjusted to a standard 
concentration of 20 mg/ml. Immunoelectrophoresis 
was performed on a LKB producter, at 50 mA and 
340 V in 1% agar purum in a 1/I5M veronal- 
sodium acetate buffer, pH 8-4. Electrophoresis was 
run for 50 minutes at room temperature. Diffusion 
took place during a 48-hour period and the pre- 
cipitations photographed (Fig. 2a, 5). 
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Fig.2 Immunoelectrophoresis. (a) Precipitation lines of antiglomerular basement membrane serum, and 
concentrated dialysed urine of Case 11 (upper) and of his mother (lower) (electrophoresis XXIII and XXV, Table 2). 
An identical line is present in both. (b) The same line (below) from another patient with Alport’s syndrome (Case 8, 
electrophoresis no. XV) compared with (upper) that from a patient with a different nephropathy (electrophoresis 


no. XXVII) which is located to the left, towards the «-zone. 


Results 


In 8 of our 12 patients with suspected AS (Table 2) 
we detected a precipitation line running in the &-zone 
of :mmunoelectrophoresis. The same line was found 
in 5 of their mothers, all of whom had permanent 
slight haematuria, and in one adult brother of 
Cases 4 and 5, who already had renal insufficiency. 
The fathers without haematuria never excreted this 
characteristic antigen. All the patients with the 
typical findings on renal electron microscopy were 
among the 8 cases with the characteristic immuno- 
electrophoresis. Family B (Table 2, immuno- 
electrophoresis XXVII-XXX) not finally diagnosed 
as suffering from AS, did not have the precipitation 
line in the -zone but in the «,-region. Immuno- 
electrophoresis no. XXXI was from a boy with 
chronic glomerulonephritis; it showed a migration 
into the y-fraction. The pattern observed in the 
patients with AS was not present in the group of 
healthy children, nor in the patients with the 
idiopathic nephrotic syndrome. 


Discussion 


Even healthy individuals excrete proteins into the 
urine (Sellers, 1956; Grant, 1959). Gilman (1935) 
described ‘nonplasma proteins’ in urine of patients 
with chronic glomerulonephritis and thought they 
derived from the kidney. Antoine (1960) and 
Antoine et al. (1962) showed that normal kidney 
antigens could be demonstrated in urine using anti- 
kidney serum; the phenomenon was intense in the 
nephropathy of potassium depletion. Excretion of 
renal tissue constituents was observed in nephro- 
lithiasis (Boyce and King, 1963), in tubular dis- 
orders (Manual, 1963), and in toxic nephropathies 
(Intorp and Milgrom, 1968). Excretion of renal tissue 
constituents in lupus nephritis, acute glomerulo- 
nephritis, acute rejection of the kidney allograft, and 
tubular necrosis was shown by Antoine and Neveu 
(1968) who termed this ‘histuria’. They applied 
antibodies ‘specific to organ constituents’, a water 
soluble kidney extract. Intorp and Milgrom (1968) 
described a thermostable kidney antigen and its 


excretion into urine. They localised this antigen in the 
tubular apparatus and emphasised that the presence 
of the kidney-specific BE-antigen in the urine might 
facilitate the diagnosis of kidney diseases involving 
tubular damage. 

In 1969, McPhaul and Dixon described immuno- 
reactive GBM antigens in normal urine and serum. 
This led to the detection of soluble antigens in urine 
of healthy persons which were found to be immuno- 
logically related to GBM-antigens (McPhaul and 
Lerner, 1968). The antigens of normal individuals 
migrated in the postalbumin area in zone-electro- 
phoresis, and these components cross-reacted with 
trypsin digests of homologous GBM. McPhaul and 
Lerner (1968) described in acute glomerulonephritis, 
antigens with y-mobility and in chronic glomeru- 
lonephritis, antigens that moved with the albumin 
peak but with no regular pattern. The consistency 
of the pattern of precipitation lines seen in our 
patients with AS is therefore striking. The same 
patients were also found to excrete immunologically 
identifiable components of the GBM. 

The electron microscopic (EM) picture varies 
greatly according to the degree of histological 
changes in the kidney. In general, the EM findings in 
AS are comparable with the changes seen in light 
microscopy, but are independent of age, sex, 
clinical symptoms, or duration of disease. The fact 
that 30 healthy individuals and 10 patients with the 
idiopathic nephrotic syndrome did not show the 
antigen described leads us to regard this protein as a 
pathological constituent of urine. It remains to be 
seen whether other nephropathies with the same 
antigenic pattern exist. We are at present studying the 
immunochemistry of AS. 

Two families of Case 7 and of Case 9 in Fig. 2 who 
had formerly been classified as AS, did not show the 
precipitation line in the $-zone. Hereditary benign 
haematuria is the probable diagnosis in these cases. 
Both families suffer from a mild form of this condition 
and no deaths from uraemia are reported in them. 

The method described will not replace other 
approaches to the diagnosis of this complex disease. 
However, once this pattern of urinary proteins has 
been found, in combination with the characteristic 
clinical and EM pictures, in one member of a 
family, further biopsies should be unnecessary. It 
remains to be seen whether this relatively simple 
method can be developed into a screening method 
for nephropathies. 
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Metabolic response to cold in the newborn 


O. R. C. SMALES AND D. HULL 


From the Department of Child Health, University Hospital and Medical School, Nottingham 


SUMMARY Blood concentrations of glycerol and free fatty acids were measured in healthy and sick 
5-day-old infants during and after cold exposure. In apparently similar infants in similar circum- 
stances, the blood concentrations varied widely. Although the concentrations of both glycerol and 
free fatty acids tended to be higher during cold exposure, it is not possible to use either as an index 


of cold exposure in individual infants. 


One of the objectives of intensive care of the new- 
born is to maintain an ambience which reduces the 
environmental stresses, and hence the challenge to 
the infant's homoeostatic responses, to a minimum. 
Cold presents a considerable challenge to the 
newborn infant and a number of clinical studies 
have shown the particular vulnerability of the sick 
preterm infant to cold environments (Hey, 1971). 
Unfortunately, it is just such infants who give very 
little indication that they are experiencing hot or 
cold and, if they are, whether or not they are 
responding to it. 

In experimental studies on newborn animals, cold 
exposure has been shown to produce a predictable 
rise in metabolic rate and in the circulating con- 
centrations of glucose and the products of lipolysis, 
glycerol, and free fatty acids (FFA) (Hardman and 
Hull, 1969; Alexander et al., 1972). Experimental 
studies on healthy preterm and mature newborn 
infants have shown that they too have predictable 
thermoregulatory responses to cold. From these 
studies recommendations have been made on the 
environment required to provide comfortable tem- 
peratures (ones which do not stimulate thermo- 
regulatory adjustments) for infants of varying size, 
gestation, and postnatal age (Hey, 1969). The 
use of a simple open-circuit system to study Vo, 
in infants in the nursery confirms that those measure- 
ments made under precise environmental conditions 
are a valuable guide, but they could be quite mis- 
leading for individual infants, particularly sick 
infants (Smales, 1978). 

Also in newborn infants, many studies have been 
made on the circulating concentrations of glucose, 
glycerol, and FFA, and the changes which occur in 
response to cold exposure (Persson and Gentz, 1966; 
Melichar and Wolf, 1967; Dawkins and Scopes, 1965; 
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Pribylova and Novak, 1970; Gentz et al., 1976). 
Again they are consistent with the animal studies in 
showing that cold provokes an increase in all three 
concentrations in newborn man as in animals. As 
blood samples are frequently taken from sick new- 
born infants, and as FFA and glycerol concentrations 
have been shown to increase with cold exposure, and 
as their concentration can now be measured on very 
small volumes of blood, the possibility that their 
concentrations might be used as an index of an 
individual infant's response to cold exposure was 
explored. 


Methods 


This study was performed on the fifth day when 
blood was being routinely taken for Guthrie test. 
10 babies were in the department of neonatal 
medicine for various problems (Table) (called 
‘abnormal group’). Their mean (-- SD) birthweight 
was 2:28 + 0-30 kg, and gestation was 35:7 + 1:1 
weeks. 10 were in the lying-in nurseries and had a 
mean birthweight of 3:02 -- 0-27 kg, and gestation 


Table Clinical details of 10 infants in the ‘abnormal 
group” 





Case Gestation Birth- Clinical features 
no. (w) weight 
(kg) 
1 33 1-30 Twin; jaundiced; light-for-dates 
2 36 1-76 Twin; light-for-dates 
3 35 1-95 Twin; birth asphyxia 
4 40 3.34 Transient tachypnoea ; jaundice 
5 35 2-34 Rh haemolytic disease; 3 exchange 
transfusions 
6 35 2-02 Mild RDS; jaundice 
7 39 4-30 Birth asphyxia; jaundice 
8 40 2-71 Fetal distress; forceps delivery 
9 36 1-99 Light-for-dates; birth asphyxia; 
convulsions 
10 28 1-10 Apnoea of prematurity; jaundice 
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of 38-4 + 0-08 weeks (‘normal group’). Permission 
for the study was obtained from the parents after 
they had been given a full explanation of what the 
investigation involved. 

All the studies were performed one hour after 
each feed. The rate of O, consumption was measured 
via a face mask using a simple open-circuit technique 
(Sraales, 1978). The infant's rate of O, consumption 
was first measured after 20 minutes exposure at an 
ambient temperature which was 6°C below the lower 
critical temperature as predicted from age and weight 
from the values reported by Hey (1971). The infants 
were then placed at the predicted thermoneutral 
temperature for one hour and their O, consumption 
and deep body temperature measured again. Blood 
samples were collected after each period and analysed 
for glucose by the method of Huggett and Nixon 
(1957), for FEA by the automatic method of Elphick 
(1975), and for glycerol using the Boehringer Kit. 


Results 


After 20 minutes at 6?C below the thermoneutral 
temperature there was no significant difference in the 
mean rate of O4 consumption between the normal 
and abnormal babies and when transferred to a 
thermoneutral environment the fall in O, consump- 
tion was similar (Fig. 1). In normal babies rectal tem- 
perature was not significantly influenced by the 
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Fig. 1 Rates of Os consumption of two groups of 
infants. Measurements were first made in a coo! 
enviromnent calculated to be 6°C below the neutral 
range cn the basis of the information provided by Hey 
(1971) and then again after the babies had been for an 
hour in a warm environment. In this and subsequent 
figures, @ represents the mean, and the vertical line 

+ I SE of the mean. 


alterations in environmental temperature. However, 
the mean rectal temperature of the abnormal group 
was lower after cooling than after an hour at a 
thermoneutral temperature (P<0-02) (Fig. 2). 
Plasma glucose levels were not found to alter 
significantly when the environmental temperature 
was altered and there was no significant difference 
between the two groups (Fig. 3). Plasma glycerol 
levels were higher in normal babies exposed to cold 
than after an hour at a thermoneurtal temperature 
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Fig. 2 Rectal temperatures of the two groups of infants 
whose Os consumptions are shown in Fig. 1. The 

healthy but small infants in the ‘abnormal’ group had 

on average a significantly larger fall in rectal 
fe.nperatures. 
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Fig. 3 Plasma glucose concentrations in the two groups 
of infants studied at the two environmental 

temperatures, Conversion: Traditional units to SI— 
Glucose: I mg]100 ml x3 0-0555 mmoljl. 


(P<0-02, paired ‘t’ test). This did not occur in the 
abnormal group (Fig. 4). FFA levels did not alter 
in a consistent manner with the alteration in environ- 
mental temperature, but the wide range of values 
found in the abnormal group was a striking feature 
(Fig. 5). 


Discussion 


In previous studies of this nature it has been 
customary to discuss the trends as shown by changes 
in the average between groups. In the healthy 5-day- 
old infants a decrease in the metabolic rate occurred 
when the infants were transferred from the cool to 
the warm environment and this was accompanied by 
a decrease in plasma glycerol concentrations. These 
findings support the original observation of Dawkins 
and Scopes in 1965. A similar change in the mean 
values for the sick infants was also seen with respect 
to the rate of O, consumption, but did not occur in 
the glycerol concentrations. Although there was a 
trend in the healthy infants for the FFA and glucose 
concentrations also to fall, neither reached statistical 
significance. 

These trends in mean values are in line with the 
observations on experimental animals when cold 
exposure led to a rise in all three metabolites. 
However, even in the healthy infants there was 
striking variation from one infant to another, for 
example the resting metabolic rate varied from 
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Fig. 4 Plasma glycerol concentrations in the two groups 
of infants studied at the two environmental 

temperatures. Conversion: SI to traditional units— 
Glycerol : 1 mmol | zz 9:2 mg/100 ml. 
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Fig. 5 Plasma free fatty acid concentrations in the two 
groups of infants studied at the two environmental 
temperatures. 


4-5 to 8:2 ml O,/kg per min. The FFA concentra- 
tions varied from 0:18 to 0-88 mEg/l. Animal 
studies suggest that both the plane of nutrition and 
previous experience of cold exposure will vary the 
infant's response, but it is perhaps surprising that 
there is such wide variation in apparently thriving, 
healthy, term infants. It is certainly of a magnitude to 
obscure the comparatively small influences of the 
ambient temperature. 

What is true of the healthy infants is even more 
apparent in the infants nursed in the special care 
areas, where a similar variation in metabolic rate 
was noted and there was a much greater variation in 
the concentration of glycerol and FFA. From these 
data it could be argued that it is as important to 
investigate the factors which influence the infant's 
minimal metabolicrate and circulating concentrations 
of FFA as it is to determine whether or not the 
infant is experiencing a cool environment. It is not, 
of course, self-evident that it is desirable for the 
infant never to experience cold exposure, or to have 
a low metabolic rate. 

The results are consistent with previous observa- 
tions that cold exposure stimulated an increase in 
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the infant’s rate of O, consumption and mobilisation 
of energy reserves. However, circulating concentra- 
tions of FFA and glycerol cannot be used as a 
guide to the infant’s level of responsiveness. 
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Clubbing and whipworm infestation 


M. D. BOWIE, A. MORISON, J. D. IRELAND, AND P. J. DUYS 


From the Department of Paediatrics and Child Health, University of Cape Town, and 
Red Cross War Memorial Children’s Hospital, Rondebosch, South Africa 


SUMMARY The association of clubbing, growth retardation, pallor, abdominal distension, and 
prolonged bloody diarrhoea with whipworm (Trichuris trichiura) infestation is described and dis- 
cussed. Failure to recognise this association leads to misdiagnosis and unnecessary investigation. 


Clubbing of the fingers has been described in 
association with several disorders of the gastro- 
intestinal tract. The best known of these are Crohn’s 
disease (Chrispin and Tempany, 1967; Fielding and 
Cooke, 1971; Perry et al., 1972), ulcerative colitis 
(Jalan et al., 1970; Perry et al., 1972), and coeliac 
disease (Hamilton ef al., 1969). More recently 
clubbing has also been reported in gastro-oeso- 
phageal reflux with protein-losing enteropathy 
(Herbst ef al., 1976) and in intestinal parasitic 
infections (Kamath, 1973; Lee et al., 1976). 

We have for some time noted the association of 
intestinal parasitic infestation and clubbing. Several 
other signs and symptoms are present, so that a 
‘syndrome’ can be described. Its recognition is of 
some importance as the clubbing often precipitates 
extensive and unnecessary investigation of the child. 


Patients and methods 


Ten children were studied. Their ages ranged from 
2-5 to 10 years. 5 were male and 5 female. All were 
coloured (mixed racial origin) and came from poor 
socioeconomic backgrounds. After initial clinical 
assessment including growth and nutritional status, 
the following investigations were performed: chest 
x-ray, Mantoux skin tests, full blood counts, and 
serum proteins (total and albumin). Several stool 
samples from each child were examined micro- 
scopically for helminth eggs and the cysts and 
trophozoites of protozoa. Each stool specimen was 
also cultured for bacterial pathogens. Intestinal 
absorption studies (xylose absorption and 5-day 
stool fat estimation) were done on 5 of the patients. 

On completion of the investigations the children 
were given oral iron, mebendazole 100 mg twice 
daily for 3 days, and metronidazole 100 mg 8 hourly 
for 7 days as indicated by the haematological and 
stool findings. 
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Results 


The constant clinical findings in all patients are 
summarised in Table 1. Clinical and laboratory 
findings of individual children are summarised in 
Table 2. Digital clubbing was a marked physical 
finding in all patients. Growth retardation was 
severe and all were below the 3rd centile of the 
Boston standards (Stuart and Stevenson, 1959) for 
weight and height, but there were no gross stigmata 
of acute malnutrition (Waterlow, 1972). The mean 
albumin level was 35:7 g/l, which is above the 
lower limits of normal accepted in our laboratory 
(35-0 g/l). 5 of the 10 had mild hypoalbuminaemia 
on this criteria but all were above 30-0 g/l. All had a 
hypochromic anaemia, mean haemoglobin 6-8 g/dl, 
range 4-10 g/dl. Eosinophilia was present in 8 of the 
10 children, ranging from 4 to 47 % of nucleated cells. 
Persistent gaseous abdominal distension and chronic 
bloody diarrhoea were present in all cases. A normal 
chest x-ray and negative Mantoux skin test were 
found in every child. 

All had multiple infestations of parasites (Table 2), 
Trichuris trichiura being found in all cases. Egg 
counts and sigmoidoscopy were not performed but 
abundant Trichuris eggs were present in all pre- 
treatment specimens and the infestation was con- 
sidered moderately severe. 2 had pathogenic bacteria 
present (Shigella and Salmonella) initially and repeat 
examinations after treatment were negative. 

Table 2 summarises the results of absorption 
studies performed on 5 of the 10 children. 2 children 
had steatorrhoea (Cases 1, 5) and 1 a low urinary 


Table 1 Clinical features of all patients 


Digital clubbing 
Growth retardation 
Pallor 

Abdominal distension 
Chronic diarrhoea 
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Table 2 Clinical details and investigations 


Case Age Sex Weight Height Hb Easinophilia Serum proteins, Stools: Malabsorption studias 
no. (kg) (ctm) (x/d) (H) totallalbumin parasites and 
(g/D bacterial Stool fat 5-h urine xylose 
pathogens (gj24 h) (% recovery) 
1 2-5 F 9.9 84 7.2 4 . 69/30 Tt; G! 5-9 20 
2 4.5 F 13-2 88 6-6 15 82/37 Tt; Al — — 
3 5.5 M 13-5 99 4-3 20 80/38 Tt; Gl; Eh — — 
4 10 M 15.0 108 9.1 22 60/34 Tt; Gl — — 
5 5.0 M 10-0 85 5.0 7 79/39 Tt; Al; Gl; Eh 5-4 16-5 
6 4.5 M 9-0 84 4.5 12 72/33 Tt; Salmonella — 1:7 27 
7 5.5 F 14-5 — 4-0 47 81/39 Tt; Al — — 
8 4-0 F 11-8 86 8.7 — 69/32 Tt; Al; GI 4-25 30 
9 8-0 M 14.8 100 10-0 — 57/30 Tt; Al; Shigella 2-4 26 
10 8-0 F 19-0 115 8.6 35 74/38 Tt; Al — on 


Tt — Trichuris trichiura; Al ~ Ascaris lumbricoides; Gi = Giardia lambiia; Eh = Entamoeba histolytica. 


xylose recovery (Case 5) which returned to normal 
(i.e. >20%) after treatment. Both had Giardia 
lamblia infestation. 


Results of treatment. On a normal ward diet and 
with eradication of the infestation the most striking 
immediate effect was weight gain, ranging from 0-5 
to 1-5 kg per week. Less striking but equally con- 
stant was the regression of clubbing, disappearing 
by 3 months in most and in all by 6 months after 
therapy was started. One exception was a child 
found again to have Trich. trichiura infestation, but 
with further treatment the clubbing disappeared. 
On oral iron therapy haemoglobin levels rose to 
normal and signs of iron deficiency regressed. 


Discussion 


The clinical findings listed in Table 1, the finding of 
multiple parasites always including Trich. trichiura, 
and the striking weight gain after eradication of the 
infestation provide an easily recognisable ‘syndrome’. 
Most of these findings including digital clubbing 
have been described in association with Trich. 
trichiura infestation (Kamath, 1973; Lee et al., 1976). 
However, the total clinical picture does not seem to 
be generally recognised. The presence of clubbing 
tends to mislead and a variety of incorrect diagnoses 
are made. The children are then referred long 
distances, hospitalised for prolonged periods, and 
on occasion subjected to unnecessary and potentially 
hazardous investigations. 

Growth retardation was a feature of these children 
and is almost certainly related to their poor socio- 
economic. background. The multiple parasitic 
infestations observed also indicate an unsanitary 
home environment. Chronic dysentery is due to 
whipworm infestation, and chronic blood loss in 
turn accounts for the pallor and iron deficiency 
anaemia. Dysentery and anaemia may have con- 
tributed to the nutritional status of these children. 


Generalised malabsorption does not appear to play 
a major role, as of the 5 tested only 2 children had 
mild steatorrhoea. Gross hypoalbuminaemia was 
not a feature in these children. This contrasts with 
the findings of a similar series of children from 
Malaysia where the majority had hypoalbuminaemia 
and many had very low values (Kamath, 1973). 

The striking weight gain on treatment may have 
been due to the more nutritious diet available in the 
hospital, improvement in appetite with the treatment 
of iron deficiency, and the cessation of diarrhoea. 
The impression of weight gain being more rapid and 
of greater magnitude than seen in other hospitalised 
children with growth retardation in this age group 
has led to the speculation that another unknown 
factor may be involved. l 

The aetiology of the clubbing is unknown. It is 
not related to malabsorption nor to hypoalbumin- 
aemia as neither was present in all patients. Iron 
deficiency anaemia is associated with koilonychia 
rather than digital clubbing. With eradication of the 
infestation clubbing reversed in about 3 months. 
This is similar to experience reported from Malaysia 
where it was thought the clubbing was most closely 
related to the heavy worm load and the chronicity 
of the diarrhoea (Lee et al., 1976). It does appear to 
be related to the presence of Trich. trichiura as in the 
one case where clubbing did not regress incomplete 
eradication or reinfestation with this helminth was 
found. Increased circulating reduced ferritin has 
been postulated as the cause of clubbing (Hall, 1959) 
but we have not investigated this aspect because of the 
technical difficulty of estimating reduced ferritin. It 
is tempting to suggest that the unknown factor 
contributing to the growth retardation and the cause 
of the clubbing are the same. 
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Acquired toxoplasmosis in children 


BRIAN McNICHOLL AND JOHN FLYNN 


From the Departments of Paediatrics and Bacteriology, Regional Hospital and University College, Galway 


SUMMARY Nine cases of acquired toxoplasmosis, 8 from rural backgrounds, are described, illus- 
trating the wide variety of clinical pictures. Evidence of familial infection was found whenever 
sought, and was also found in cattle in one case. The availability of an easily performed screening 
test should make diagnosis of this common disease more frequent. 


Toxoplasmosis is an ubiquitous disease affecting all 
warm blooded vertebrates, its highest incidence in 
man being in rural communities and warmer climates. 
Frequencies of 7% in Navaho Indians, rising to 
100% in Guatemala have been described by Feldman 
and Miller (1956). Beattie (1957) found 30% of an 
adult population in the UK to have evidence of 
infection, and a small study carried out in our region 
in 1973 showed an incidence of 40% (D. Ashford 
and J. Flynn, 1973, unpublished). 

We have diagnosed toxoplasmosis in children 
about five times as frequently as brucellosis, an 
incidence of toxoplasmosis of about 1 in 2000 new 
patients seen over the last 10 years. The high 
incidence of significant titres in adults, particularly 
in rural areas, together with the low incidence of 
diagnosis, suggests that most infections are symptom- 
less or very mild. Infection may cause a mild 
influenza-like picture, but lymphadenopathy, par- 
ticularly cervical, is probably the most common overt 
presentation. Pneumonia, hepatitis, myocarditis, 
encephalitis, chorioretinitis, myositis, and arthritis 
may occur singly or in various combinations, and 
severe multiple organ involvement is occasionally 
seen. 

We here describe a group of children whose 
illnesses illustrate the variations in the presentation 
of the disease in the West of Ireland. 8 of the 9 
families were rural dwellers. Diagnosis on clinical 
grounds alone is rarely possible, and as isolation of 
the parasite is difficult serological tests are the main- 
stay of diagnosis. The toxoplasma dye test (TDT), 
while difficult to perform, is the best established test; 
titres of 1/512 or over are regarded as indicative of 
active or recent infection, lower titres indicating 
previous infection (Fleck and Ludlam, 1965). The 
indirect haemagglutination test (THA) as described 
by Jacobs and Lunde (1957) is easier to perform 
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than the dye test. We have used a modification of 
this test as described by Karim and Ludlam (1975) 
and find it a reliable screening test. 


Case reports 


Case 1: persistent malaise. A girl of 12 years who 
had ‘had contact with many farm and domestic 
animals and who regularly drank raw milk ex- 
perienced malaise, sweating, and syncopal attacks 
since a febrile sore throat with cervical adenitis 3 
months previously. She had been hospitalised else- 
where & month previously and brucellosis had been 
suspected. Physical examination was normal, but . 
the TDT was 1/2048. Some malaise persisted for 1] 
months, when the TDT was 1/128. 


Case 2: malaise and growth retardation. À boy of 5 
years had increasing fatigue for a year after the 
discovery of some enlargement of his groin lymph 
glands by his parents. He lived in a country town, 
where for some years before his illness the next door 
neighbours had kept 16 cats which ranged freely 
over both gardens and outhouses. He was thought 
not to have grown during the year and had been 
sweating in bed in recent weeks. Height and weight 
were on the 15th and 10th centiles respectively, and 
the bone age was 44 years, the midparental height 
being above average. Minimal enlargement of lymph 
glands in axillae and groins was noted. TDT was 
1/16 000. His symptoms slowly disappeared during 
the next year after which the TDT was 1/8192. 


Case 3: acute tonsillitis. A boy of 62 years had vomi- 
ting, pyrexia, and rigors for 2 days with no response 
to ampicillin. He had drunk raw milk from a cow 
later found to have brucellosis. Moderate tonsillar 
inflammation with slight enlargement of the 'tonsillar' 
lymph glands and spleen was present. Eosinophils 
were 0-133 x 10°/1 (133/mm3). TDT was 1/512, 
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rising to 1/1024 four months later. He made a good 
recovery while having intramuscular penicillin. 


Case 4: multiple organ involvement. A girl of 35 
years had a sore throat and urticarial rash for 4 
days with marked cervical adenitis. Pyrexia persisted 
for a week with worsening of the rash, appearance 
of a severe stomatitis, and gradual progression to 
deep coma with signs of myocarditis and an ESR 
of 80 mm/h. TDT was 1/2048, rising to 1/16 000 
five months later. Considerable improvement had 
occurred by 15 days, when specific treatment was 
started; by then the sensorium was normal, but 
some ataxia persisted and the palms and soles 
desquamated. 


Case 5: acute polymyositis. A boy of 9 years waddled 
into the clinic and was found to have generalised 
muscular weakness and tenderness with slight 
swelling of the calf muscles and absent deep tendon 
reflexes. He had to ‘climb’ up with hands on legs 
from floor sitting. 5 weeks previously he had become 
ill with a productive cough and an itchy rash on the 
trunk; a week earlier he had been too weak to lift 
his arms over his head. Lymph glands in neck, 
axillae, and groins were slightly enlarged and eosino- 
phils were 0-67 10°/1 (670/mm?). TDT was 
1/16 000 and was 1/1024 eight months later. Biopsy 
of the left gastrocnemius 2 weeks after admission 
showed no organisms. 4 weeks after admission he 
was walking almost normally and subsequently he 
made a full recovery. This case has been reported in 
detail (McNicholl and Underhill, 1970). 


Case 6: polyarthritis. A boy of 8 years complained 6 
months previously of pains in wrists, elbows, knees, 
and ankles the day after a febrile tonsillitis associated 
with cervical adenitis; his ESR was then 80 mm/h. 
Febrile sore throats and joint pains recurred on 
several occasions, and general malaise and night 
sweating persisted. He drank raw milk regularly. 
When seen there was moderate enlargment of both 
tonsillar glands and of one gland in the left axilla. 
The streptozyme titre was 200 units (titres > 200 
suggest recent streptococcal infection or rheumatic 
fever) and TDT was 1/1024. Treatment was not 
advised at the time of diagnosis but was begun 3 
months later because of persistent joint pains and 
malaise. 


Case 7: disseminated intravascular coagulation. A boy 
of 9} years suffered gradual blackening of the skin 
on the ears, nose, and tips of digits of hands and feet. 
The affected areas, including some on limbs and 
trunk, were cold, cyanosed, and tender. Disseminated 
intravascular coagulation was suspected because of a 
platelet count of 15-0 x 109/1 (15 000/mm?), serum 
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fibrinogen 1:32 g/l (132 mg/100 ml), and evidence of 
fibrinolysis. Intravenous heparin was given for 7 
days with gradual resolution of the lesions, some 
superficial skin loss occurring on the pinnae. 
Eosinophils were 0:302 x 10?/] (302/mm?). No 
cause for the illness could be found at the time, but 
TDT was 1/1024 ten weeks after the onset. 


Case 8: focal encephalitis; hemiparesis. A girl of 52 
years was limping for a week before admission in 
association with a tremor in the ipsilateral hand and 
cough. She had a mild right hemiparesis and per- 
sistent eosinophilia, between 0-603 and 1-410 x 10?/l 
(603 and 1410/mm?). CSF was normal. TDT was 
1/4096 four weeks later and had fallen to 1/1024 
three months after the onset, but eosinophilia 
persisted, and TDT had risen to 1/8192 three months 
later. When last seen, aged 12 years, her IQ was 77 
and she had little physical disability, but had become 
left handed. 


Case 9: focal encephalitis; basal ganglia lesion. A girl 
of 8 years who was right handed had begun to use 
her left hand preferentially for the previous 6 months 
and had recently developed a tremor in the right 
hand. She had a coarse tremor and some choreiform 
movements of the right hand, which gradually 
spread to the left hand and head. Serum caerulo- 
plasmin and copper were normal, and electro- 
encephalogram showed changes suggestive of a 
degenerative lesion in the left hemisphere. TDT was 
1/2048. 2} years after the onset the process seemed 
to have arrested and the EEG was almost normal; 
she was again writing with her right hand, although 
still using the left for most household and other 
activities. 


Family and animal infections 


Coincidental with the illness of Case 3, three of his 
siblings had febrile sore throats; TDT in these 3 
siblings, and in a fourth sibling some months after 
Case 3 was seen, ranged from 1/256 to 1/1024; his 
parents had titres of 1/32 and 1/64. A year previous 
to the illness, 8 calves on the farm had been treated 
for pneumonia; serum obtained from 4 of these 
cattle at the same time as from the family gave 
TDTs 1/512, 1/1024, 1/2048, and 1/4096. Some 
difficulties arose in attempting to obtain serum from 
the farm cats. An 11-year-old sister of Case 1 suf- 
fered a similar but milder illness and her TDT was 
1/512 a year after onset. Both she and her sister had 
levels of IgG and IgM below our laboratory range. 
The mother of Case 4 had a TDT 1/64, and the 
parents of Case 9 had TDTs 1/64 and 1/32, her 3 
siblings having TDTs 1/32. 


416 McNicholl and Flynn 
Management 


Treatment with a 3-week course of sulphadimidine 
and pyrimethamine was given to Cases 4, 6, 8, and 9, 
the only obvious benefit being in Case 6, whose joint 
pains ceased after treatment. In the other treated 
children, it is difficult to know whether treatment 
was of benefit, since each appeared to be recovering 
at the time of treatment. We believe that treatment 
should be given when there is cerebral involvement, 
in the hope of killing any parasites that may be still 
active, and also when there is severe generalised 
infection. Treatment was suggested for Cases 1 and 2 
in the event of symptoms persisting or worsening, 
but it was not thought necessary by the family 
doctor, and treatment was not advised for the 
remaining children as recovery was well advanced 
when the results of the TDT became available. 


Discussion 


We believe toxoplasmosis to have been the probable 
cause of illness in these children, although Toxo- 
plasma gondii was neither seen nor cultured. None 
had serological evidence of brucellosis or infectious 
mononucleosis, nor did we find evidence of other 
infectious or degenerative disease. Recovery appears 
to be complete in all except the 2 girls with focal 
encephalitis. While the dye test is still perhaps the 
most acceptable serological test, in a routine clinical 
laboratory the indirect haemagglutination test 
(IHA) is easier to perform and in our experience is 
reliable. This test was positive in the 5 cases in which 
it was done (Cases 1, 2, 3, 6, 9) at a standard dilution 
of 1/128. It can be done in parallel with the comple- 
ment fixation test and the IgM indirect fluorescent 
test and should help to identify most cases of infec- 
tion. The latter test is thought to give a better 
indication of activitythan others previously described, 
titres of 1/64 or higher suggesting active infection 
(Karim and Ludlam, 1975). It seems probable that 
the routine use of the toxoplasma IHA test as a 
screening test in many acute and subacute illnesses 
of uncertain aetiology, particularly in rural areas, 
would discover more examples of this disease. 

As a result of seeing the child with the poly- 
arthritis, some recent findings may be of interest. A 
girl of 12 years had been diagnosed as having 
rheumatic fever in another hospital 6 years ago and 
was still on penicillin prophylaxis; on noting that 
the antistreptolysin O titre had been negative during 
the initial acute illness, serological testing showed a 
positive IHA test and TDT 1/256. We thought the 
evidence sufficient to suggest that the original illness 
might have been due to toxoplasmosis and advised 
stopping the penicillin. Another girl of 11 years 


had been thought by us to have mild juvenile 
rheumatoid arthritis at age 2 years, but had had no 


further signs of joint involvement or illness 9 years, 


later, when the IHA test was positive (1/128), TDT 
being 1/8. Again we believe it possible that the 
original illness may have been due to toxoplasma 
infection. We suggest that this infection might be 
considered in the diagnosis of arthritis in children. 

Since cat faeces are regarded às the most likely 
vector in human infection (Hutchison et al., 1970), 
care in their handling and disposal is indicated, 
particularly by pregnant women. Eating raw or 
uncooked meats should be avoided, since the parasite 
frequently encysts in mammalian muscle. The 
French Ministry of Health now advocates screening 
of all pregnant women for toxoplasmosis and regular 
surveillance of those found negative, and is consider- 
ing toxoplasma vaccination for the future, as part of 
its programme to prevent mental and physical handi- 
cap (Wynn and Wynn, 1976). We have begun screen- 
ing all pregnant women attending this hospital. 


We are deeply indebted to the late Dr G. B. Ludlam 
for advice and for TDT tests; more recent tests were 
carried out by Dr A. Balfour. We thank Mr J. J. 
Fanning and Dr E. Sullivan for taking blood samples 
from cattle and patients respectively, and Drs D. E. 
Donovan and J. Moran for EEGs. 
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Serum complement components in 


Henoch-Schonlein purpura 
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SUMMARY Serum levels of Clq, C4, C3, C5, factor B, and properdin were measured in patients with 
Henoch-Schónlein purpura (HSP). In the cases of acute HSP, 9 of 23 (39%) had a low CH50, and 
5 of 17 (30%) a low properdin; Clq, C4, and C3 levels were not depressed. In 10 cases with chronic 
nephritis following HSP, complement components were normal except for 2 with reduced C4 and 
one with low properdin. These findings confirm that complement activation occurs in HSP; the 
low serum levels of properdin in the acute group indicate that there is activation of the alternative 


pathway in these patients. 


Activation of complement is thought to cause tissue 
damage in  Henoch-Schónlein purpura (HSP). 
Complement components are found in affected skin 
(Baart de la Faille-Kuyper et al., 1973; Asamer et al., 
1974) and glomeruli (Berger, 1969; Urizar and 
Herdman, 1970), circulating breakdown products of 
C3 are detectable in plasma (Shulman eż al., 1971), 
a minority of patients have low serum levels of 
complement components (Levy ef al., 1976), and 
patients’ sera inhibit the formation by lymphocytes 
of rosettes with complement-coated sheep erythro- 
cyte-antibody complexes (Smith ef al., 1975). The 
demonstration of properdin (a protein of the 
alternative pathway of complement) in affected 
glomeruli (Evans ef al., 1973) and the occurrence of 
HSP in 2 patients with C2 deficiency (Sussman et al., 
1973; Gelfand ef al., 1975) point to the activation of 
complement via the alternative pathway. We 
present the results of measurement of serum con- 
centrations of complement components in patients 
with HSP, including the first observations of low 
properdin levels. 


Materials and methods 


HSP was defined as the typical rash with any two of 
the other three major manifestations of the disease, 
namely joint involvement, microscopic haematuria 
and/or proteinuria, and gastrointestinal involvement 
shown by abdominal pain and/or melaena. 

Patients were divided into two groups. Acute: 
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23 patients with active disease studied within 30 days 
of onset (mean age 7:2 years, range 3-13 years). 
Chronic nephritis: 10 patients with a previous 
episode of HSP occurring 6 months to 1l years 
previously (mean age 4:0 years) and with micro- 
scopic haematuria and/or proteinuria —0:5 g/24 h 
at the time of study (mean age at onset of HSP 7:7 
years, range 5-17 years). 23 fit children admitted for 
elective surgery for noninflammatory benign con- 
ditions (mean age 8-1 years, range 4-14 years) were 
used as controls. Sera were stored at —70' C with 
0:124 sodium azide. 


Complement components. CH50 was estimated by 
the 50% haemolysis time assay; serum levels of Clq, 
C3, and properdin by radial immunodiffusion, and 
of C4, C5, and B by haemolytic techniques (Lachmann 
et al., 1973; Martin et al., 1976). Measurements were 
made using a pool of normal human serum as a 
reference, individual results being expressed as a 
percentage of this and the values of the controls then 
being used to calculate a mean and standard devia- 
tion for a population of normal children. All 
measurements were made in duplicate. 


Anticomplementary activity. Test sera were heated at 
56°C for 10 minutes, then incubated with an equal 
volume of 10% guinea-pig serum (GPS) for 30 
minutes at 37°C. This mixture was assayed for CH50 
value as described above and compared with 10% 
GPS diluted with an equal volume of phosphate- 
buffered saline, pH 7:4. 
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Antisera. The antiproperdin antiserum was a gift 
frcm Professor D. K. Peters (Royal Postgraduate 
Medical School, London). All other antisera were 
obtained commercially (Behringwerke). 


Results (Flg.) 


The main abnormalities occurred in the acute group 
in which 9/23 (39 77) had a low CH50 and 5/17 (30%) 
a low properdin. One patient had a very low serum 
level of factor B (confirmed by radial immunodif- 
fusion) but this subsequently returned to normal. Low 
Clq, C4, or C3 levels were not a feature of this 
group; on the contrary, C4 and C3 were found in 
several cases to be greater than normal. 

In the patients with chronic nephriiis following 
HSP, complement components were for the most part 
normal, except for 2 patients with low C4 and one 
with low properdin; a raised C4 was found in several 
cases. There was no correlation between clinical 
manifestations of disease or its severity and any 
abnormal complement levels. Anticomplementary 
activity was detected in only one case. This patient 
had acute HSP with very low B and low C3 levels; 
all abnormalities returned to normal with clinical 
improvement. 


Discussion 


These results confirm that complement activation is 
a feature of acute HSP, and the finding of low pro- 
perdin levels in 30% of the acute patients indicates 
thatthe alternative pathway is involved. This accords 
with the presence of properdin in affected glomeruli 
(Evans et al., 1973) and in cryoglobulins detected in 
the sera of these patients (Garcia-Fuentes ef al., 
1977). 
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Fig. Serum levels of complement components in 
patients with Henoch-Schünlein purpura (ASP). Sera 
Jor properdin (P) measurements were available in only 
17 of the acute group (€) and 9 of the group with 
chronic nephritis (o). NHS = normal human sera. 


Despite the low values of CH50 in the acute group, 
there was no evidence that the early classical pathway 
was involved in that Clq, C4, and C3 levels were not 
depressed; unfortunately, we were not able to 
estimate serum C2. A minority of patients in the 
chronic nephritic group had low Clq and C4 levels. 
In the only other systematic study of complement 
profiles in HSP, Levy et al. (1976) found more 
convincing evidence that the classical pathway is 
involved. Of their 32 acute cases, serum Clq was 
low in 11 and C4 was low in 6, and of 14 cases with 
chronic nephritis following HSP, Clq was depressed 
in 3 and C4 in 4. The same workers’ finding that 
factor B serum levels were low in both groups 
indicates that the C3b feedback pathway was 
being activated. Clearly, reduced serum levels of 
complement components are not a consistent or 
prominent feature of HSP and definition of their 
involvement would be attained more precisely by 
complement turnover studies. —— 

This approach would also help to clarify the 
significance of the raised Clq, C4, C3, C5, and 
factor B noted in some cases by us and by Levy et al. 
(1976). The serum level of a complement component 
reflects both its catabolism and synthesis, and these 
measurements greater than normal may occur in 
patients in whom there is hypercatabolism, yet 
synthesis has increased to an extent that overcompen- 
sates for the tendency to lower the serum level. 

The factors causing complement activation in vivo 
in HSP are presumably immune complexes. The 
detection of cryoglobulins in patients’ sera (Garcia- 
Fuentes et al., 1977) and of deposits in glomeruli of 
patients with nephritis (Heaton et al., 1977) provide 
indirect evidence that HSP is an immune complex 
disease, and recently immune complexes have them- 
selves been found in the sera of patients with HSP 
(Levinsky and Soothill, 1977). IgA was present in 
these immune complexes and in a high proportion 
of isolated cryoglobulins, and has been demonstrated 
by immunofluorescence in skin (Baart de la Faille- 
Kuyper et al., 1973) and glomeruli (Berger, 1969). 
Since aggregated IgA has been shown to activate 
complement via the alternative pathway (Gótze and 
Müller-Eberhard, 1971), these findings taken to- 
gether suggest that this is the pathway by which the 
complement system is involved in HSP. On the other 
hand, there is a recent report of IgA activating the 
early classical pathway (lida ef al., 1976), and both 
the immune complexes and cryoglobulins detected in 
this disease contain IgG and/or IgM, which can acti- 
vate the classical pathway. Cryoglobulins isolated 
from both groups of patients activated complement in 
vitro, but all did so via the classical pathway, and 
none activated the alternative pathway directly 
(Garcia-Fuentes ef al, 1977). Nonetheless, the 
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alternative pathway may have been recruited in- 
directly in vivo in these patients since classical path- 
way activation may itself lead to activation of the 
alternative pathway (Nicol and Lachmann, 1973). 
The financial support of the British Council for 
M.G-F., the Medical Research Council for A.M., 
and the Wellcome Trust for D.G.W. is gratefully 
acknowledged. 
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Short reports 


Value of 1-hour blood-xylose test in 
diagnosis of childhood coeliac 
disease 


Rolles and his co-workers (1973, 1975a,b, 1976) 
have emphasised the value of the 1-hour blood- 
xylose test as a diagnostic tool in childhood coeliac 
disease, while others have questioned its reliability 
(Sladen and Kumar, 1973; Lamabadusuriya et al., 
1975). Our aim was to evaluate the test in a large 
group of control patients and in children with un- 
treated coeliac disease. l 


Patients and methods 


There were 46 children with untreated coeliac disease. 
None had received a gluten-free diet before the 
investigation. Jejunal biopsy was performed in all, 
and showed subtotal atrophy of the mucosa. All 
made an unequivocal clinical response to a gluten- 
free diet. The average age of the patients was 2-5 
years, range 5 months to 12.7 years. 72%, were 
under the age of 1-5 years. 

The control group was made up of 102 patients 
with various gastrointestinal disorders (Table). 
Jejunal biopsy in all showed normal morphology. 
The average age of this group was 5-7 years, range 
4 months to 15-8 years. 


Table Diagnosis in 102 control patients 


Suspected coeliac disease, unconfirmed 
Failure to thrive due to extraintestinal reasons 
Chronic nonspecific diarrhoea 

Anorexia nervosa 


Chronic constipation 
Salmonella infection 





- The blood-xylose test (Rolles et al., 1973) con- 
sisted of 5 g p-xylose in 100 ml water given to the 
fasting patient; exactly 1 hour later the venous 
blood sample was drawn. p-xylose was measured 
by the method of Roe and Rice (1948) as modified 
by Colombo (in Schaad ef al., 1975). 


Results 


The 1-hour blood-xylose concentrations are shown 
in Fig. 1. Only one of 46 patients with untreated 
coeliac disease had a value >20 mg/100 ml (mean 
+ SD 12+5 mg/100 mI). In the control group 6 of 
102 patients had 1-hour blood-xylose values <20 
mg/100 ml (mean + SD 32-8+10-5 mg/100 ml). 
The difference between the two groups was highly 
significant (P<0-001, t-test). 
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Fig. 1 One-hour blood-xylose values (mg[100 mD, 
giving means + SD, in 46 children with untreated coeliac 
disease and 102 controls with normal jejunal mucosa. 
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In Fig. 2 blood xylose concentrations are shown 
related to the weight of the patients in the control 
group. As expected, concentrations fell with in- 
creasing body weight (r— —0-6048, P<0-001). 


Discussion 


Despite its simplicity, the 1-hour blood-xylose value 
shows a surprising accuracy in separating control 
patients and patients with active coeliac disease, 
in this large series only 1 out of 46 untreated coeliac 
patients giving falsely normal, and only 6 out of 102 
control patients falsely abnormal results. 4 of these 
latter 6 patients weighed above 30 kg, and so 
were above the upper limit of body weight recom- 
mended for the test by Rolles et al. (1973). In a 
previous investigation (Schaad ef al., 1975, 1977) 
of patients with untreated coeliac disease there was 
a good correlation of the 1-hour blood-xylose 
value with intraepithelial lymphocyte counts. It is 
therefore not surprising that we now find a good 
correlation between the morphological appearance 
of the mucosa and the outcome of this test. 


Summary 


In a series of 46 children with untreated coeliac 
disease and in 102 controls with normal mucosa the 
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1-hour blood-xylose test was, in view of its simplicity, 
of much value in the diagnosis of childhood coeliac 
disease. Only one blood-xylose result was falsely 
normal in the 46 coeliac patients. It is concluded 
that a normal blood-xylose value does not exclude 
coeliac disease and should not prevent peroral 
biopsy in the presence of strong clinical suspicion. 
On the other hand, patients who have repeatedly 
abnormal blood-xylose values merit an intestinal 
biopsy even in the absence of suggestive clinical 
symptoms. 


This work was supported by the Swiss National 
Science Foundation grant no. 3.547-0.75 and 
3.676-0.75. 
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Persistent neonatal hypoglycaemia 
due to glucagon deficiency 


Glucagon deficiency as a possible cause of per- 
sistent neonatal hypoglycaemia has been discussed 
before (Wagner et al, 1969; Gotlin and Silver, 
1970; Zuppinger, 1975). Vidnes (1976) recently 
described a case of persistent hereditary neonatal 
hypoglycaemia due to glucagon deficiency; therapy 
with zinc-protamine-glucagon resulted in dramatic 
improvement. This was the first case in a child where 
glucagon deficiency was verified by glucagon deter- 
mination. We here describe a further case of a 
newborn infant with persistent neonatal hypogly- 
caemia due to glucagon deficiency and treated by 
zinc-protamine-glucagon. 


Case report 


A boy was born after a normal pregnancy in August 
1975 as the third child of healthy unrelated parents. 
He has 2 healthy siblings. No family history of 
infant deaths from hypoglycaemia was known. 
Birthweight was 3-7 kg. The child was breast fed, 
and the first day passed uneventfully. In the evening 


of the second day he became drowsy and failed to 
suck. Next morning he was apathetic, breathed 
irregularly, and rolled his eyes. At admission to a 
local hospital blood glucose was low (0:9 mmol/l; 
16 mg/100 ml) with a metabolic acidosis (pH 7-22, 
base excess — 5-5 mmol/l (— 5-5 mEgq/l)). Treatment 
was started with infusion of glucose 10%; after 2 
and 4 hours respectively the blood glucose value 
was 1-6 and 0-5 mmol/l (28-8, 9 mg/100 ml). Apart 
from the infusion therapy, which was continued, he 
received feeds of humanised milk, and prednisone 
was started. The first day after admission several 
convulsions were noted, but within a few days the 
clinical condition improved. During the next few 
weeks several attempts were made to reduce the 
frequency of oral feedings below 8 times per day, 
but each time the blood glucose level decreased 
and his condition deteriorated. 

At the age of 3 weeks he was referred to the Uni- 
versity Hospital. We found an alert but sweaty and 
restless baby with a length of 56-5 cm and a weight 
of 4250 g. The liver was palpable 1 cm below the 
costal margin. Blood was analysed for cortisol, 
insulin, thyroxine, growth hormone, lactate, pyru- 
vate, and alanine levels. After 2 hours of fasting the 
levels of 6-hydroxybutyrate and acetoacetate were 
respectively 37 and 15 uumol/1 (0: 39, 0-15 mg/100 ml). 
Reducing substances in the urine were absent. 
Vanillylmandelic acid excretion was 4:5 nmol in 
24 hours. No abnormal organic acids in the urine 
were detected by gas chromatography. Under a 
regimen of 12 oral feeds of humanised milk per day, 
blood glucose varied between 1:8 and 3-0 mmol/l 
(32, 54 mg/100 ml). A glucose tolerance test showed 
a high peak value after 45 minutes and rapid decrease 
to values below normal. Insulin regulation during 
the test was normal (Zuppinger, 1975; Fig. 1). A 
glucagon tolerance test showed a normal glucose 
mobilisation, followed by rapid decrease to values 
below normal: again insulin regulation was intact 
(Zuppinger, 1975; Fig. 2). 

In the light of a possible glucagon deficiency we 
started treatment with zinc-protamine-glucagon IM 
at a dose of 2 mg, with 8 feeds per day. For 8-10 
hours after the injection the blood glucose level 
remained above 3 mmol/l (54 mg/100 ml). When 
given twice daily, the effect lasted for 24 hours. 

The clinical condition improved, and the frequency 
of feeds could be lowered to 6 times per day. In the 
next few months we had to increase the dosage of 
glucagon gradually, and stable glucose values could 
then be maintained. With a regimen of 6 feeds per 
day and two daily doses of 3-5 mg glucagon IM 
symptomatic hypoglycaemia did not occur. The 
patient was discharged in December 1975. After 
some months the parents discontinued the glucagon 
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Fig. 2 Glucagon tolerance test. 


injections, which resulted in a relapse, and therapy 
was resumed immediately. 

In May 1976, he was readmitted for review. 
Glucagon was stopped and a regimen of 12 feeds 
per day started. After 5 days a glucose tolerance 
test showed much the same result as before. Fasting 
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glucagon and insulin values were determined on four 
occasions starting 10 days after glucagon therapy 
had stopped. Glucagon was estimated by the method 
of Aguilar-Parada et al. (1969); antibody 30K was 
used. Insulin values (Table) varied between 6 and 
15 uU/ml, while glucagon values were below 10 ng/l. 


Table Glucagon and insulin determinations 


Glucagon* Insulin 


(ng //) (uU/ml) | Glucose (mmol/l) 


Patient (aged 9 m) 10 9 2-6 
10 15 3-4 
10 7 3 
10 6 2.8 
4 control infants, 1905: 153; 5.9; 4.2; 4-6; 4-7 
fasted 4-10 h 145; 145 


* Precision of the assay +5 ng/l. 
Conversion: SI to traditional units—Glucose: 1 mmol/1«:18 mg/ 
100 ml. 


Glucagon therapy was resumed and feedings 
reduced to 6 per day. On neurological examination 
no specific signs were noted, but the level of motor 
development was only 4 months at the age of 9 
months. Electroencephalogram and echoencephalo- 
gram were normal. At the age of 16 months motor 
development was 11 months. 


Discussion 


Persistent neonatal hypoglycaemia is rare and has 
been classified by Cornblath and Schwartz (1976) 
into four groups. In the first group the hypoglycaemia 
is due to hormone deficiency (congenital hypopitui- 
tarism, or insufficiency of growth hormone, adrenal 
hormone, or thyroid hormone); in the second group 
to hyperinsulinism; in the third group to hereditary 
defects in carbohydrate metabolism; and in the 
fourth group to hereditary defects in amino acid 
metabolism. 

The commoner hormone deficiencies were ex- 
cluded in our patient by the appropriate tests. 
Hyperinsulinism was absent. Absence of hepato- 
megaly and the good glucose response to injection 
of glucose eliminate glycogen storage disease type 1 
and glycogen synthetase deficiency as possible 
causes of the hypoglycaemia. Normal blood lactate 
levels and normal serum alanine levels argue against 
deficiency of one of the gluconeogenic key enzymes. 
Normal blood levels of amino acids and organic 
acids exclude hereditary defects in amino acid 
metabolism. The low levels of glucagon in plasma, 
and the restoration of almost normal blood glucose 
levels by long-acting glucagon, support a diagnosis 
of congenital glucagon deficiency. 

There have been several reports of «-cell defi- 
ciency and neonatal hypoglycaemia but without 
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measurements of plasma glucagon (McQuarrie et al., 
1950; Wagner et al., 1969; Gotlin and Silver, 1970). 
In Vidnes's (1976) case of persistent neonatal 
hypoglycaemia due to glucagon deficiency, verified 
by measuring plasma, treatment with zinc-protamine- 
glucagon was successful: after 2 months the dosage 
of glucagon had to be gradually increased as in our 
case, probably because of antibody production. 

Neonatal hypoglycaemia due to glucagon defi- 
ciency may be extremely dangerous for the neonate. 
During glucose need it is glucagon, through a mech- 
anism that remains to be elucidated, that converts 
the liver to a ‘ketogenic mode’ and thereby main- 
tains a level of hepatic ketone production necessary 
to meet cerebral fuel needs (Unger and Orci, 1976). 
The ketones are an important alternate substrate 
for the neonatal brain. Ketogenesis in our patient 
was not adequately studied because the fasting 
period was limited. 


Summary 


In a newborn baby, suffering from persistent severe 
hypoglycaemia with convulsions glucagon deficiency 
was shown. Treatment with zinc-protamine-glucagon 
injection twice daily resulted in normal blood glu- 
cose levels. Motor development is delayed. 


We thank Mr J. B. C. van Veen (Novo Industries 
AS, Amsterdam) for the zinc-protamine-glucagon 
preparation, and Dr T. J. Benraad (Department of 
Medical Biology) for insulin and growth hormone 
measurements. 
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Pulmonary interstitial emphysema 
requiring lobectomy 


Complication of assisted ventilation 


Ventilatory techniques for treating newborn infants 
with hyaline membrane disease (HMD) have led to 
improvement in prognosis (Rawlings ef al., 1971), 
although their use involves potential hazards 
(Reynolds, 1975). We describe an infant with HMD 
treated with intermittent positive pressure ventilation 
(IPPV) who developed localised pulmonary inter- 
stitial emphysema which progressed to produce 
tension and to require lobectomy. 


Case report 


This male infant was the product of the mother's first 
pregnancy, this being complicated by diabetes. 
Labour began spontaneously at 36 weeks' gestation 
and after 11 hours the infant was delivered with the 
assistance of forceps. Apgar score was 5 at 1 minute 
and apart from intranasal oxygen, no resuscitation 
was required. The birthweight was 3040 g and no 
malformations were detected. Soon after delivery 
expiratory grunt, tachypnoea, rib retraction, and 
cyanosis developed, and chest x-ray showed a 
reticulogranular pattern consistent with HMD. 

At 3 hours arterial oxygen tension (Pao,) was only 
67 mmHg (8:9 kPa) breathing 100% oxygen. Nasal 
continuous positive airways pressure was begun. 
At 5 hours, due to continued deterioration, an 
endotracheal tube was passed and IPPV started, 
using a Loosco Amsterdam Infant Ventilator. 
Inspired pressure was 20-25 cm H,O with a positive 
end expiratory pressure of 5 cm H,O and the inspired 
oxygen concentration (F10) was 1:0. On this 
regimen the infant improved and Fjo, was gradually 
reduced to 0:6. 


^ 


At 43 hours the infant collapsed after endotracheal 
aspiration. Clinically there was decreased air entry 
in the left hemithorax, but needle aspiration failed 
to show the presence of intrathoracic air, although 
chest x-ray had shown a collapsed left lung with 
extrapulmonary air. With an inspired pressure of 
30 cm H,O and Fjo, of 1:0 he improved over the 
ensuing hour. Gradually the Fyo, and inspired 
pressure were lowered and he was extubated on 
day 5. After extubation, tachypnoea (60—80/min) 
persisted and F10, of 0:4 was needed. Repeat chest 
x-rays showed multiple cystic radiolucencies loca- 
lised to the left upper lobe. 

At age 11 days oxygen therapy stopped, but 
tachypnoea persisted and on day 22 supplementary 
oxygen was re-started. Chest x-ray now showed 
cystic changes in the left upper lobe with mediastinal 
shift to the right, and collapse of the contralateral 
lung. Increasing dyspnoea led to a decision in favour 
of thoracotomy. At operation on day 24 the left 
upper lobe was grossly distended and consisted 
entirely of many small cysts; it was excised. 

The resected lobe measured 10 x 8 x 6 cm. 
Mediastinal and external surfaces were studded with 
subpleural blebs up to 1 cm diameter. The cut surface 
showed a honeycomb network of cystic spaces 
containing air (Fig.). The lingula was unaffected. 
The bronchi down to the fifth division and beyond 
were normal, with normal amounts of mural 
cartilage. Microscopically (Fig.) the upper lobe 
consisted of collapsed, compressed lung tissue 
displaced by empty cystic spaces with thin fibrous 
walls, lined by foreign body giant cells containing no 
neutral fat. No cyst was lined by anything resembling 
bronchial or bronchiolar epithelium. The cysts 
occupied mainly the subpleural and interlobular 
regions. In some fields the walls of the cysts were 
formed by the peribronchial connective tissue 
suggesting that they may have been greatly dilated 
lymphatic spaces. There was no demonstrable 
communication between bronchi or bronchioles and 
the cvsts. Alveolar tissue immediately adjacent to the 
cysts showed some fibrosis, but there was no 
significant inflammation. 

Postoperatively, the infant rapidly recovered 
normal respiratory status. He next presented at 2 
months of age with acute bronchiolitis; respiratory 
syncytial virus antigen was detected by immuno- 
fluorescence in nose and throat mucus; he recovered 
in 5 days. At 6 months he is well with no respiratory 
symptoms. 


Discussion 


Pulmonary interstitial emphysema is a frequent 
complication of HMD. It is usually bilateral and 
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Fig. Above, the removed lobe showing the air spaces. 
Below left, section showing the air-containing cystic 
spaces. (H & E x 10.) Right, lining of the cystic spaces 
showing many giant cells. (H & E X 55.) 


resolves spontaneously. In some cases the interstitial 
pulmonary air dissects along peribronchial and peri- 
vascular spaces leading to pneumomediastinum or 
pneumothorax (Thibeault ez a/., 1973). Pulmonary 
interstitial emphysema has been increasingly reported 
following IPPV (Fletcher et al., 1974). Our case is 
unusual as the interstitial emphysema was localised 
to one lobe and progressed to develop tension caus- 
ing mediastinal shift to the opposite side and com- 
pression of the contralateral lung. The lesion was 
unilateral from the start and followed collapse of the 
affected lobe. Presumably, ball-valve obstruction led 
to alveolar rupture, with dissection of air into extra- 
alveolar spaces, then into the interlobular septa, and 
possibly into the peribronchial lymphatics. Possibly 
endotracheal aspiration and/or the insertion of a 
needle blind into the thoracic cavity were factors 
in our case. 

Other conditions must be considered in the 
differential diagnosis. Congenital lobar emphysema 
is usually associated with demonstrable flaccidity of 
bronchi of which the commonest cause is cartilage 
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deficiency. In our case the cartilage content of the 
bronchi was normal and the collapsed lung separated 
by large cysts differed completely from the over- 
distended alveoli of emphysema. Congenital cystic 
lung was excluded by the complete preservation of 
bronchi and bronchioles in the collapsed lung tissue, 
the normal relationship of bronchi to vessels and lung 
alveoli, and the localisation of the cysts to the inter- 
lobular connective tissue regions. 

An unusual feature was the presence of giant cells 
lining the cysts; their cause is unknown, but no 
significant amounts of neutral fat were demonstrable 
suggesting the reaction was not stimulated by free 
fat. Multinucleate cells are sometimes seen lining 
lymphatic spaces in other conditions and it is possible 
that the cysts represented greatly dilated lymphatic 
channels, resulting from rupture of air into the 
pulmonary lymphatics. 

Conservative methods of treatment for localised 
pulmonary interstitial emphysema have been sug- 
gested, such as giving 100% inspired oxygen, or 
vigorous therapy with tracheobronchial suction 
along with vibration and percussion (Leonidas ef al., 
1975). Roberton (1976) used an Argyle thoracentesis 
catheter to aspirate from the centre of the cystic area. 
Brooks et al. (1976) reported the successful use of 
selective bronchial intubation in 4 premature infants. 
We chose to treat our infant surgically as the tension 
was progressive and life-threatening, and the condi- 
tion was confined to one lobe. 


Summary 


An infant with hyaline membrane disease treated 
with intermittent positive pressure ventilation 
developed pulmonary interstitial emphysema loca- 
lised to one lobe after collapse of the affected lobe. 
The development of tension and further symptoms 
necessitated lobectomy, after which the infant 
became totally asymptomatic. 

Microscopy of the resected lobe showed the 
unusual feature of giant cells lining the air-containing 
cysts. The presence of these multinucleate cells 
suggested the cysts may have represented greatly 
dilated lymphatic channels resulting from rupture of 
gases into the pulmonary lymphatics. 
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Infantile cortical hyperostosis with 
raised immunoglobulins 


Infantile cortical hyperostosis (Caffey and Silverman, 
1945) is characterised by fever, irritability, swelling 
of the soft tissues, and cortical hyperostosis of the 
underlying bones. The disease usually occurs before 
the fifth month of life. In most cases there is complete 
recovery, though recurrences and crippling deformi- 
ties have been reported (Blank, 1975). The cause 
remains unknown. We report 2 cases, both with 
raised immunoglobulins. 


Case reports 


Case 1. A Negro boy aged 3 months was admitted 
with a 7-day history of fever, refusal to feed, and 
swelling of both forearms. He was pale and irritable 
with both forearms grossly swollen. The swelling was 
hard and tender, but there was no warmth or redness. 
Movement of the arms was limited. The face was 
broad, with hard and tender swelling confined to the 
lower jaw. 

Radiographic examination confirmed infantile 
cortical hyperostosis. There was marked diaphyseal 
hyperostosis of the radius and ulna of both forearms 
(Fig. 1). Cortical hyperostosis was also present in the 
mandible and all the long bones. 

Investigations showed Hb 8 g/dl; packed cell 
volume 26%; white blood count 25 x _ 109/I; 
platelets 1026 x 10?/l. Erythrocyte sedimentation 





rate 48 mm in the first hour; blood urea 32 mg/ 
100 ml (5:3 mmol/l); alkaline phosphatase 42:5 KA 
units. Serum proteins, electrolytes, calcium, phos- 
phate were all normal and test for syphilis non- 
reactive. IgA was 2:05 g/l, IgG 15-0 g/l, IgM 4:25 
g/l. 

In view of the high platelet count, steroids were 
not used (Pickering and Cuddigan, 1969). Complete 
clinical recovery occurred by 9 months and by 15 
months there was no radiological evidence of hypero- 
stosis. Radiographic examination of the parents was 
unremarkable. There was no family history of the 
disease. 


Case 2. An Indian boy aged 2 months was admitted 
with a 6-day history of fever and swelling of the face. 
He was pale and irritable. Lower jaw bones felt 
thick and were tender to palpation. There was a hard 
and tender swelling at the junction of the outer and 
middle thirds of the left clavicle. 

X-rays showed no abnormalities on admission 
but a week later hyperostosis of the mandible and 
left clavicle were obvious (Fig. 2). 

Investigations showed Hb 8 g/dl; packed cell 
volume 29%; white blood count 20:4 x 109/l; 
platelets 850 x 10?/l. ESR 40 mm in the Ist hour 
(Westergren); serum calcium 8:8  mg/100 ml 
(2-2 mmol/l); serum phosphate 2:8 mg/100 ml 
(0-9 mmol/l); alkaline phosphatase 22 KA units; 
blood urea 20 mg/100 ml (3:32 mmol/l); test for 
syphilis negative; serum proteins, serum electro- 
lytes normal. IgA was 1:02 g/l, IgG 9:25 g/l, 
IgM 2:7 g/l. 
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Fig. | Radio- 
logical evidence of 
cortical hypero- 
stosis of the radius, 
ulna, and to a 
lesser extent of the 
humerus. 





Fig. 2 


Radiological evidence of infantile cortical 
hyperostosis. 


Discussion 


These two cases had typical clinical, haematological, 
and radiological features of Caffey’s disease (Caffey, 
1957). There was no family history of the disease and 
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extensive radiographic survey in both families 
failed to provide evidence of the disease. 

Temperley et al. reported a case with raised im- 
munoglobulins in 1972. There have since been few 
reports. Both our cases showed raised immuno- 
globulins. Particularly remarkable were the IgA 
and IgM levels. We believe that a virus infection 
during intrauterine or early neonatal life may be the 
cause of infantile cortical hyperostosis. 


Summary 


Two cases of infantile cortical hyperostosis are 
reported. Both had raised immunoglobulins. Par- 
ticularly remarkable were the IgA and IgM levels, 
a finding infrequently reported. 


We thank the hospital medical director, General 
Hospital, Port-of-Spain and the Permanent Secretary 
Ministry of Health, Trinidad and Tobago, for their 
kind permission to publish this paper. Immuno- 
globulins were estimated by Dr Stanley E. Read, 
Assistant Professor and Associate Physician, Rocke- 
feller University. New York. 


References 


Blank, E. (1975). Recurrent Caffey’s cortical hyperostosis 
and persistent deformity. Pediatrics, 55, 856-860. 

Caffey, J. (1957). Infantile cortical hyperostosis: a review of 
the clinical and radiographic features. Proceedings of the 
Royal Society of Medicine, 50, 347—354. 

Caffey, J., and Silverman, W. A. (1945). Infantile cortical 
hyperostosis: preliminary report on a new syndrome. 
American Journal of Roentgenology, 54, 1—16. 

Pickering, D., and Cuddigan, B. (1969). Infantile cortical 
hyperostosis associated with thrombocythaemia. Lancet, 2. 
464—465. 

Temperley, I. J., Douglas, S. J., and Rees, J. P. R. (1972). 
Raised immunoglobulin levels and thrombocytosis in 
infantile cortical hyperostosis. Archives of Disease in 
Childhood, 47, 982-983. 


V. RAMCHANDER and R. RAMKISSOON 


Department of Paediatrics, General Hospital, Port-of- 
Spain, Trinidad, Wl. 


Correspondence to Dr V. Ramchander. 


Peripheral pulmonary artery stenosis 


We report an infant with persistent cyanosis from 
birth, who was found to have anomalies of the small 
pulmonary arteries. 


Case report 


A male infant was born at 40 weeks' gestation 
weighing 2040 g. His mother was aged 39, para 
2+0, and had 2 healthy children born at term. 
During this pregnancy she had severe pre-eclamptic 
toxaemia and it was thought that the fetus was small- 
for-dates for much of the pregnancy. There was no 
history of rubella contact. After spontaneous rupture 
of membranes, fetal distress necessitated lower seg- 
ment caesarean section and the infant required 
resuscitation with intermittent positive pressure 
ventilation from birth. Grunting was noticed at 15 
minutes and he was transferred to the special care 
baby unit. On admission he was cyanosed in 50°% 
oxygen with grunting, tachypnoea, nasal flaring, and 
intercostal recession but had a lusty cry. 

Blood pressure was 60/25 mmHg, heart sounds and 
peripheral pulses were normal. Chest x-ray and 
electrocardiogram were normal at this time and 
initial arterial blood gas measurements were F10, 
50%, Pao, 53 torr, Paco, 51 torr, and pH 7-15. 
Despite increases in ambient oxygen, constant 
positive airways pressure, and then intermittent 
positive pressure ventilation, the blood gas tensions 
remained virtually unchanged. At age 18 hours the 
baby was remarkably active and the lungs were 
easily inflated with low pressures; on ausculation, 
there was good air entry. 24 hours after birth a 
marked bradycardia occurred which was persistently 
unresponsive to inflation of the lungs with 100% 
oxygen and the Pao, was 10 torr with Paco, 73 
torr. The baby died at age 26 hours. 


Necropsy findings. Abnormalities were restricted to 
the respiratory and cardiovascular systems. The 
upper airways were normal. The lungs weighed 16 
and 12 g, right and left respectively (expected 
combined weight 47 g) and were small but well 
aerated. The heart weighed 22 g (expected weight 
16 g). There was marked right ventricular dilatation 
with hypertrophy of the wall. The foramen ovale 
was valvular. The ductus arteriosus was widely 
patent, measuring 0:6 cm diameter. Valves were 
healthy and there were no abnormal communica- 
tions. 

Histological examination of the lungs showed 
areas of collapse associated with mucus plugging of 
small bronchi and bronchioles. The large branches 
of the pulmonary artery showed generalised 
endothelial proliferation and localised, thicker 
endothelial cushions containing fine elastic fibres. 
In many medium-sized pulmonary arteries, localised 
nodular lesions protruded into the lumen reducing 
it to a crescentic slit. They arose from the vessel wall 
and were covered by endothelium. Immediately 


beneath the endothelium there was a dense elastic 
lamina, the core composed of finer elastic fibres, in 
some cases arranged parallel to the surface, in others 
rather haphazardly arranged (see Fig.). Step sec- 
tions through the blocks confirmed the localised 
nature of the lesions which were not associated with 
arterial bifurcations. These lesions were present in 
several arteries in all lobes of the lungs. Ante- 
mortem thrombi were present in a few small 
pulmonary arteries. Radial alveolar counts were 
performed on sections from all of seven lung blocks. 
A mean count of 2:8 + 0-10 SE was obtained, all 
counts being below the normal mean of 4:4 + 0:17 
for term infants, being similar to those found at 
30-32 weeks’ gestation (Emery and Mithal, 1960). 
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Fig. The lumen of this medium-sized artery is reduced 
to a crescentic slit by a polypoid lesion. The nodule is 
covered by an intact internal elastic lamina. H & E x 40. 


Discussion 


An initial diagnosis of hyaline membrane disease 
was made on the observations of grunting, recession, 
tachypnoea, and cyanosis. This was doubted when 
Pao, did not rise despite effective mechanical 
ventilation, while Paco, remained unchanged. 
Although right-to-left shunting is a recognised 
feature of hyaline membrane disease it was a suspi- 
cious finding at a time of good clinical air entry and 
active behaviour on the infant's part. Repeated chest 
x-rays did not confirm the initial diagnosis and the 
extent of pulmonary aeration seemed incompatible 
with the extent of the cyanosis if this was caused by 
hyaline membrane disease. Other diagnoses were 
therefore sought, and despite normal chest x-ray 
and electrocardiogram, cyanotic heart disease was 
considered the most likely. 

Had the infant's condition not deteriorated so 
rapidly cardiac catheterisation would have excluded 
gross cardiac anomalies and ciné-angiography might 
have shown reduced pulmonary flow. The necropsy 
findings of right ventricular hypertrophy and pul- 
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monary hypoplasia suggested that the pulmonary 
arterial abnormalities had been present for many 
weeks or months of intrauterine life and that 
reduced pulmonary blood flow may have retarded 
lung growth, as the lung weight was reduced when 
compared with that expected in a term infant of 
normal weight, in an infant of the same weight, or in 
one of similar brain weight (Schultz et al., 1962). 

Multiple segmental stenoses of main and lobular 
pulmonary arteries have been identified radio- 
logically (Arvidsson ef al., 1955), and by dissection 
and histological examination where symmetrical 
reduction of the lumen to a centrally sited pin hole 
is described (MacMahon et al., 1967) in children with 
pulmonary hypertension. Multiple plexiform lesions 
have been described in both children and adults 
with pulmonary hypertension secondary to con- 
genital heart disease and in primary hypertension 
(Wagenvoort and Wagenvoort, 1970). 

Multiple peripheral pulmonary vascular abnor- 
malities have been described in 4 infants dying in the 
neonatal period and in 1 stillborn infant by Rubin 
and Strauss (1961). 3 of the 5 had congenital heart 
disease and all had other congenital abnormalities. 
4 of the 5 were of low birthweight as was the infant 
described here. Intimal proliferation and focal 
disruption of the internal elastic lamina of large 
pulmonary arteries were present in their cases and 
interpreted as evidence of pulmonary hypertension 
in utero. Similar changes in the main pulmonary 
arteries in the case described here and additional 
right ventricular hypertrophy in the absence of 
congenital heart disease support this suggesiotn. 

That these lesions were developmental defects 
and not recanalised thrombi is supported by the 
finding of a well-defined internal elastic lamina 
beneath the endothelium of the intraluminal lesions. 
The demonstration of reduced radial alveolar counts 
indicating pulmonary immaturity and not merely 
small size secondary to reduced blood flow, is 
evidence of anomalous developments of the lung 
bud, which may influence local arterial development. 

Obstruction to the pulmonary circulation has been 
described in rubella embryopathy. Several abnor- 
malities have been described in this condition: 
valvar stenosis, hypoplasia of the pulmonary trunk, 
supravalvar stenosis, and multiple stenoses of main 
and lobular arteries (Arvidsson ef al., 1955). The 
distribution of these anomalies is different from 
those described here which are more peripheral, 
Occurring in vessels arising at a later stage of develop- 
ment. 

Detailed examination of pulmonary vasculature is 
recommended at post-mortem examination of new- 
born infants who were persistently cyanosed in life 
and in whom evidence of major congenital abnor- 
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mality, hyaline membrane disease, and pulmonary 
infection are absent. 


Summary 


A term infant, born by caesarean section for fetal 
distress, developed grunting and cyanosis by 15 
minutes of age. Ventilation at low pressures was 
achieved without difficulty but did not improve 
blood gas levels, and he died at 26 hours. Necropsy 
examination showed large heart and small lungs; 
histologically the lungs showed multiple obstructive 
lesions at medium size pulmonary artery level. 


References 


Arvidsson, H., Karnell, J., and Móller, T. (1955). Multiple 
stenosis of the pulmonary arteries associated with pulmon- 
ary hypertension diagnosed by selective angiocardiography. 
Acta Radiologica, 44, 209-216. 

Emery, J. L., and Mithal, A. (1960). The number of alveoli 
in the terminal respiratory unit of man during late intra- 
uterine life and childhood. Archives of Disease in Childhood, 
35, 544—547. 

MacMahon, H. E., Lee, H. Y., and Stone P. A. (1967). 
Congenital segmental coarctation of pulmonary arteries. 
An anatomic study. American Journal of Pathology, 50, 
15-20. 

Rubin, E. R., and Strauss, L. (1961). Occlusive intrapul- 
monary vascular anomaly in the newborn. A cause of 
congenital pulmonary hypertension? American Journal of 
Pathology, 39, 145-161. 

Schultz, D. M., Giordano, D. A., and Schultz, D. N. (1962). 
Weights of organs of fetuses and infants. Archives of 
Pathology, 74, 244—250. 

Wagenvoort, C. A., and Wagenvoort, N. (1970). Primary 
pulmonary hypertension. A pathological study of the lung 
vessels in 156 clinically diagnosed cases. Circulation, 42. 
1163-1184. 


D. M. SALISBURY and J. W. KEELING 


Paediatric and Pathology Departments, John Radcliffe 
Hospital, Headington, Oxford OX3 9DU. 


Correspondence to Dr J. W. Keeling. 


Controlled trial of disodium 
cromoglycate in prevention of 
relapse of steroid-responsive 
nephrotic syndrome of childhood 


The aetiology of steroid-responsive nephrotic 
syndrome (SRNS) is not known, but allergy is 
implicated: atopic features are more frequent in 
children with SRNS than in healthy ones, especially 
if they have tissue type HLA B12 (Thomson et al., 


1976). In some patients with nephrotic syndrome 
associated with atopy, relapses are precipitated by 
episodes of hay fever (Hardwicke et al., 1959; Reeves 
et al, 1975). Disodium cromoglycate (DSCG) 
prevents bronchial, nasal, and perhaps gastro- 
intestinal atopic symptoms. In one atopic patient 
with SRNS described below, DSCG appeared to 
prevent relapse during the hay fever season. We 
therefore studied a possible preventative role of this 
drug in SRNS by a double-blind trial. 


Case report 


A 12-year-old boy presented with nephrotic 
syndrome in July 1972, associated with upper 
respiratory tract symptoms. There was no history of 
atopic disease but skin prick testing was strongly 
positive for mixed grass pollens and spring flower 
pollens. Remission of the nephrotic syndrome was 
induced with prednisolone 2 mg/kg per day. Relapses 
occurred in June 1973 and May 1974, the latter 
associated with the onset of hay fever. His HLA 
type was A2 A3:B7 B12. Serum total IgE was 52 
IU/ml (normal <150 IU/ml), but specific IgE anti- 
body to Timothy grass pollen allergen was raised as 
measured by the radioallergoabsorbent test (RAST). 

Remission of the nephrotic syndrome was again 
induced with prednisolone and the hay fever treated 
with intranasal DSCG. Prophylactic DSCG was 
given four times daily for 6 months from March 1975 
as oral inhalation 20 mg by spinhaler, nasal insuf- 
flation 10 mg to each nostril, and oral capsules 40 mg 
with meals. The hay fever recurred in June 1975 
and he was given a single intramuscular injection of 
methylprednisolone 20 mg. His urine was tested 
daily with Albustix, and was consistently negative, 
apart from a trace reaction on one day 3 weeks later. 
He has been symptom free from both hay fever and 
nephrotic syndrome throughout the past 2 years 
without treatment. 


Patients and methods 


The 21 children studied had had at least 3 relapses 
of the nephrotic syndrome and responded to pred- 
nisolone treatment. They were in remission on a 
maintenance dose of prednisolone for at least 2 
weeks before entry into the trial. All were over 4 
years of age and capable of co-operating with the 
methods of drug administration. Diagnostic criteria 
for nephrotic syndrome and relapse are described 
elsewhere (Barratt and Soothill, 1970). The children 
were not selected for atopic features, but were 
consecutive clinic attenders who fulfilled criteria for 
entry to the trial. 
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Fig. Time to relapse (weeks) in 21 children with steroid-responsive nephrotic syndrome allocated into 2 groups. 
Group A received placebo and Group B disodium cromoglycate. Patients with positive HLA B12, atopic symptoms, 
and positive skin-prick tests are indicated. 


432 Short reports 


HLA type was determined by a two-stage micro- 
toxicity method (Batchelor, 1973). A questionnaire 
eliciting atopic symptoms and skin-prick testing was 
done as previously described (Thomson et al., 1976). 

The children were randomly allocated in a double- 
blind manner to one of 2 regimens, DSCG or 
placebo (lactose), for 16 weeks. The allocation was 
arranged so that the frequency of HLA B12 in the 
two treatment groups was similar. DSCG/placebo 
administration was four times daily as oral inhalation 
20 mg by spinhaler, nasal insufflation 10 mg to each 
nostril, and oral capsules 20 mg mixed with food. 
Prednisolone therapy was reduced logarithmically 
and discontinued at the end of week 8. 

The parents tested the urine daily with Albustix 
and reported if a reaction of 2-- or more was 
observed on 2 consecutive says. Children were 
classified as relapsing if relapse criteria were observed 
on or before week 16. 


Results 


At 16 weeks 5 out of 10 patients in the placebo group 
and 9 of 11 in the DSCG-treated group had relapsed 
(Fig.) The median week of relapse in the control 
group was 15 and in the DSCG treated group 7 
(P>0-05; rank sum test). No association between 
results of treatment and atopic history on question- 
naire, positive prick test, or HLA B12 was observed. 


Discussion 


DSCG did not prevent relapse of SRNS. It remains 
a possibility that a minority of patients would benefit, 
as suggested by our patient described in the case 
report. However, his failure to relapse may be 
explained by a lack of exposure to the allergen, to 
his outgrowing his allergy, or to some long-term 
effect from the corticosteroid injection. The latter is 
unlikely in our experience, but Freier and Berger 
(1973) have reported that children allergic to milk 
may lose their symptoms on DSCG, and remain 
well after its withdrawal. 

The failure in the trial may well be due to inade- 
quate dose, as a far higher oral dose is now being 
used in food allergy and eczema (A. M. Edwards, 
personal communication, 1977). Studies in man 
have shown that DSCG is very poorly absorbed 
from the gastrointestinal tract. The absorption of an 
orally administered dose amounts to 1%, half of 


which appears in the urine (Walker et al., 1971) 
DSCG acts by inhibiting the degranulation of mast 
cells, thus blocking the release of biochemical 
mediators such as histamine and slow reacting 
substance of anaphylaxis. Higher doses of DSCG or 
absorbable analogues might be effective, but 
patients in relapse with SRNS did not respond to 
doxantrazole (Bluett et a/., 1977). 


Summary 


A controlled trial of disodium cromoglycate treat- 
ment of steroid-responsive nephrotic syndrome 
failed to show a therapeutic effect on the tendency to 
relapse after withdrawal of corticosteroids. 


The preparations were kindly provided by Fisons 
Ltd., Pharmaceutical Division. R.S.T. is in receipt 
of a grant from the National Kidney Research Fund. 
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Paediatric Pathology Society 


Proceedings of the Twenty-third Annual Meeting 


The Twenty-third Annual Meeting of the Paediatric 
Pathology Society was held at the University 
Hospital, Groningen, The Netherlands, on 23-24 
September 1977. 


Paediatric pathology and ifs place in prenatal 
diagnosis. A. D. Bain and I. I. Smith. Department of 
Pathology, Royal Hospital for Sick Children, 
Edinburgh EH9 1LF. 


Until recent years paediatric pathology has been 
largely equated with the provision of a diagnostic 
biopsy service for infants and children and with the 
identification of a cause of death at necropsy. 
Developments in technology have greatly altered this 
concept and health care developments in modern 
obstetric and paediatric practice owe much to the 
work of pioneers in paediatric morbid anatomy. 
Developments in cytogenetics and biochemistry, and 
the application of technology in these fields to pre- 
natal diagnosis and perinatal pathological screening 
have put paediatric pathology in the forefront of 
preventative medicine. Exceedingly diverse demands 
are made on paediatric pathologists in the provision 
and development of a regional diagnostic service 
based on high standard technology and enhanced 
precision in pathological diagnosis. 


Mycoplasma infection in utero. M. R. Dische, J. M. 
Sturgess, P. Quinn, and N. Czegledy. Department of 
Pathology, Hospital for Sick Children, Toronto 
MSG 1X8. 


Three fetuses and their placentas of 19, 21, and 38 
weeks’ gestation from pregnancies complicated by 
Mycoplasma hominis or Ureaplasma urealyticum 
infections were studied. These organisms affected the 
fetus (1) indirectly, causing severe chorioamnionitis 
which stimulated abnormal uterine contractions 
leading to fetal anoxia; (2) directly, by infection of 
the fetal lung and GI tract, and by damage to fetal 
organs including cardiomyopathy thought to result 
from release of toxic products by infective organisms. 

Ureaplasma urealyticum isolated from the trachea 
of a stillborn fetus was used to infect organotypic 
cultures of human trachea. Examination of the 
cultures by electron microscopy at intervals from 
5 minutes to 42 hours disclosed numerous individual 
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or aggregated small particles with occasional fila- 
ments characteristic of mycoplasma absorbed to 
ciliated and microvillous cell surfaces. Cell shedding, 
particularly of ciliated cells, and deterioration of cilia 
occurred between 2 and 7 hours. After 18 to 25 hours 
focal elevation of cell borders and clumping of 
microvilli on nonciliated cells were prominent and 
aggregates of filaments and small vesicles were 
present on these surfaces. Cell shedding and epi- 
thelial separation progressed further at 42 hours. 
Control tracheal rings from the same fetus incubated 
without mycoplasma showed normal epithelial 
structure. 


Aortic thrombosis in the newborn period. G. T. 
Knowlson and H. B. Marsden. Department of 
Pathology, Royal Manchester Children’s Hospital, 
Manchester M27 1HA. Published in full in the 
Archives, 53, 164-166. 


Meckel’s syndrome. A. A. M. Gibson, J. M. Scott, 
and H. A. Tait. Department of Pathology, Royal 
Hospital for Sick Children, Glasgow G3 8SJ. 


Liver biopsy in neonatal cholestasis: a retrospective 
study. M. Lendon and H. B. Marsden. Department 
of Pathology, Royal Manchester Children's Hospital, 
Manchester M27 1HA. 


A total of 60 liver biopsies from 46 children presenting 
with neonatal cholestasis were examined from the 
surgical histology files of this hospital for the years 
1969-1977. They were assessed for various histo- 
logical parameters and the results correlated with the 
findings at laparotomy and the outcome in each case. 
A special study was done to identify those children 
with «,-antitrypsin deficiency liver disease using 
histochemical and immunohistochemical methods. 
The findings were compared with series from south- 
east England; Melbourne, Australia; and Michigan, 
USA. 


Pathological changes in infants after Intralipid 
hyperalimentation. D. G. Fagan. Department of 
Pathology, Hospital for Sick Children, Toronto 
MSG 1X8. 


Eighteen cases of preterm and term infants given 
Intralipid during total parenteral nutritional therapy 
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were studied post-mortem, 8 retrospectively and 10 
prospectively. Sections from fresh, frozen, and 
formalin-fixed, paraffin processed tissues were 
examined to ascertain the extent and degree of both 
soluble lipid deposition in the reticuloendothelial 
system and ceroid formation in the liver and reticulo- 
endothelial system. 

Ceroid was defined as Sudan Black B positive 
material resistant to hot, alcoholic, or paraffin 
processing extraction. This material was usually 
Ziehl-Neilsen and PAS positive, and when fresh 
exhibited autofluorescence. Abnormal amounts of 
soluble lipid were found in the macrophages of the 
lung, lymph nodes, spleen, and liver. This, and the 
pattern of soluble lipid deposition in the hepatocytes, 
suggested a primary metabolic disorder rather than 
secondary neutral lipid accumulation. 

Ceroid deposition was often associated with 
soluble lipid deposition in extrahepatic sites, and 
the clinical data were examined to see if any correla- 
tion existed between this and various growth 
characteristics, underlying disease, or Intralipid 
dosage. Candida and other low grade pathogens 
were often isolated in blood cultures both in vivo and 
post-mortem. 


Fat embolism complicating Intralipid infusion. A. J. 
Barson. Department of Pathology, St. Mary's 
Hospital, Manchester M13 0JH. 


Numerous pulmonary fat emboli were found post- 
mortem in 4 infants who had received prolonged 
intravenous infusion of Intralipid 20%. One infant 
had in addition a focal softening of a temporal lobe 
which was probably a consequence of a paradoxical 
fat embolus. Although such emboli are best demon- 
strated by fat stains in frozen sections of fresh or wet 
formalin-fixed tissue, they can also often be recognised 
in sections from paraffin processed material. The 
emboli have a characteristic bubbly, transparent, 
refractile appearance and are contained in capillaries 
which are unnaturally perfectly circular and dis- 
tended. In each case the total daily dose of Intralipid 
was within the limits recommended by the manu- 
facturer but there had been transient periods when 
the infusion rate had been high. It was felt that this 
was a factor in the aetiology of Intralipid embolism. 


Effects of neonatal feeding in development of the 
endocrine pancreas: possible relevance to sudden 
infant death. J. S. Wigglesworth, J. M. Polak, and 
M. V. McCrossan. Departments of Paediatrics and 
Histochemistry, Institute of Child Health and Royal 
Postgraduate Medical School, London. 


The distribution and concentration of cells producing 
hormones including insulin, somatostatin, glucagon, 


and pancreatic polypeptide were studied by immuno- 
cytochemistry in 32 pancreata from fetuses and 
infants. Studies using the Quantimet 720D showed 
no relationship between gestational age and per- 
centage area of pancreas staining for any hormone. 
Pancreata of 4 preterm infants who survived 10 days 
or more of intensive care had a significantly larger 
percentage tissue area staining for insulin than did 
other cases. The pancreata of those fed IV had 
relatively small islets, whereas those fed by jejunal 
tube had pronounced islet hyperplasia with intense 
pancreatic polypeptide staining. Similar islet hyper- 
plasia was seen in one of 5 sudden infant deaths. It 
is concluded that the mode of feeding preterm 
infants may affect endocrine pancreatic development 
and that neonatal feeding practices might have a role 
in pathogenesis of islet cell changes reported in some 
sudden infant deaths. 


Cerebral white matter lesions in SIDS. J. Huber, 
S. Takashima, D. Armstrong, and L. Becker. 
Department of Pathology, Hospital for Sick 
Children, Toronto M5G 1X8. 


There is increasing evidence that cot death babies 
have not been completely normal before their 
sudden and unexpected death. An example is the 
finding of subcortical leucomalacia (SL) in 16% of 
84 SIDS infants. SL is a triangular white-matter 
lesion occurring beneath deep sulci between secon- 
dary gyri, in watershed areas between major cerebral 
arteries. Lesions consist of rarefaction of neurophil, 
increased perivascular spaces, and slight astro- 
gliosis. An age-matched control group of 63 infants 
with congenital heart disease showed similar lesions 
in 13% of cases, and in contrast, a group of 45 
infants who had died from acute disease and trauma 
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showed this lesion in 4% of cases. 


Endocardial fibrosis in apparently normal infant 
hearts. R. B. Williams and J. L. Emery. Department 
of Pathology, Children’s Hospital, Sheffield S10 2TH. 


A method has been devised for quantitating the 
endocardium of the heart and a reproducibility test 
was done. A survey was later carried out from a 
sequential series of 262 hearts from children in 
whom no congenital abnormalities of the heart or 
fibroelastosis was diagnosed naked-eye at necropsy. 
The findings indicate that there is a group of children 
showing thickening of the endocardium of both the 
left and right ventricles dying between the ages of 
2 and 3 months. 


Is the incidence of SIDS in The Netherlands changing ? 
J. P. A. Baak, L. M. Friden, R. Donner, J. J. van der 
Harten, and J. Huber. Free University Hospital, 


Amsterdam; Central Bureau of Statistics, Voorburg; 
and Hospital for Sick Children, Toronto. 


In a previous paper (Baak and Huber, 1974), an 
attempt was made to assess the incidence of SIDS in 
The Netherlands by investigating death code numbers 
795.0, 796.0, 796.3, 796.9, E913.0, and E913.9 
(ICD, 1965, 8th rev). A rate of 0-42/1000 live births 
(90 cases yearly) was found for the years 1969-1973. 
In 1974 there was an increase to 0-71 and in 1975 to 
0-90 (160 cases). This increase is due to an ‘increase’ 
of cases diagnosed as sudden death, cause unknown 
(795.0). This increase, which is probably the result 
of the publicity about SIDS, is not correlated with a 
decrease of cases diagnosed as suffocation (E913.0). 
Analysis of the change in the frequency of other 
causes of death makes it likely that the ‘increase’ 
of sudden deaths is not correlated with a decrease 
in one other single cause of death. 


Reference 


Baak, J. P. A., and Huber, J. (1974). SIDS 1974, p. 157. 
Ed. by R. R. Robinson. Canadian Foundation for the 
Study of Infant Deaths, Toronto. 


Further observations in serum uracil levels in acute 
childhood and chronic adult leukaemia. T. E. Parry. 
Department of Haematology, Llandough Hospital, 
Penarth CF6 1XX. 


Pretreatment serum uracil levels were raised and the 
range widened in 47 cases of acute childhood 
leukaemia (AL) compared with 97 normal controls 
(mean 22:1 umol/l, range 7:2-77:1 umol/l, SD 
17-3 in AL; mean 15-7 pmol/l, range 5:7-40:5 
umol/l, SD 5-23 in controls; P — 0-025, F ratio 10:8, 
P — 0-001). In 10 cases (21 %) the level was more than 
3 SD and in 5 more than 8 SD above the normal 
mean. Uracil correlated with both the leucocyte 
(r = 0-7894, P<0-001) and the blast cell count 
(r = 0-710, P<0-001) but not with the blood urea, 
uric acid, vitamin B12, or folate. Grossly raised 
uracil levels of 90 and 87 umol/l returned to normal 
or near normal levels in 24 and 36 hours respectively 
in 2 cases of AL after treatment and was accom- 
panied by an equally precipitous fall in the leucocyte 
and blast cell counts. Normal uracil levels were 
encountered in 14 cases (8 chronic lymphoblastic 
leukaemia and 6 chronic myeloid leukaemia) of 
chronic adult leukaemia. 

Renal retention, increased DNA catabolism, and 
enzymatic deamination of cytosine were considered 
and excluded as possible causes. It is suggested that 
the raised uracil is a function of the circulating blast 
cell. The results are consistent with the hypothesis 
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that in some cases of leukaemia there is an impair- 
ment in the amination of uracil to form cytosine 
akin to its impaired methylation in the megaloblastic 
anaemias. 


Beckwith's syndrome with renal neoplasia and alpha- 
fetoprotein secretion. N. J. Brown and D. J. Goldie. 
Department of Pathology, Southmead Hospital, 
Bristol BSIO 5NB. 


A S-year-old boy with previously diagnosed Beck- 
with's syndrome presented with an inoperable mass 
in the right kidney; biopsy showed only dysplastic 
renal tissue. Serum alpha-fetoprotein (AFP) was 
greatly increased (1600 ug/l). After chemotherapy 
the mass shrank to operable size and was removed 
together with the kidney. Histologically the tumour 
was a nephroblastoma and biochemical assay showed 
it to contain AFP. Postoperatively serum AFP fell 
to normal. 


Bone metastasising renal tumours. H. B. Marsden, 
W. Lawler, and P. Kumar. Department of Pathology, 
Royal Manchester Children's Hospital, Manchester 
M27 1HA. 


Out of 219 primary renal tumours of childhood 
diagnosed as nephroblastomas, 7 showed bone 
metastasis. The figure of 3-2% is within the range 
of most published series of Wilms's tumours. How- 
ever, only one case had a typical histological 
appearance of nephroblastoma. 4 of the 7 cases had 
a similar morphological appearance, indicating a 
distinct entity. Two identical tumours without bone 
metastases were also found in the series, although in 
both cases postoperative survival was very short. 
The incidence of these tumours was considered to 
be the same as that of mesoblastic nephroma in the 
Manchester experience. 


Synovial sarcoma in childhood. P. E. Campbell, 
P. G. Jones, and C. W. Chow. Royal Children's 
Hospital, Melbourne. 


Six children with synovial sarcoma have been seen in 
this hospital since 1969. Histologically all 6 were 
spindle celled tumours containing differentiation, the 
so-called biphasic appearance. In 4 of the tumours 
large numbers of mast cells were present. All 4 
patients with mast cells in their tumour had com- 
plained of exquisite hypersensitivity over the tumour 
as the presenting symptom. In the most recent case 
the electron microscope confirmed the presence of 
large numbers of mast cells. The differential diagnosis 
is from fibrosarcoma, leiomyosarcoma, vascular 
leiomyoma, clear cell sarcoma of tendon sheath 
origin, and from some rhabdomyosarcomas. 
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Congenital neoplasia: the Society’s experience. 
A. J. Barson. Department of Pathology, St. Mary's 
Hospital, Manchester M13 0JH. 


All Society members were canvassed for examples of 
neoplasia which had presented clinically or patho- 
logically within one month of birth. A total of 285 
cases were reported. The commonest tumours to be 
found in the newborn were teratomata (67 or 24%), 
more than half of which were sacrococcygeal in 
location. Almost equally common were neuro- 
blastoma (64 or 23%). A heterogeneous group of 
rhabdo-, leio-, and fibrosarcomas arising in a wide 
variety of locations accounted for 8% of the total; 
Wilms’s tumours and mesoblastic nephromata 
constituted 7%; just over 6% of congenital tumours 
arose within the central nervous system (this figure 
excludes teratomata); and 6% of the total were cases 
of congenital leukaemia. The remaining tumours 
reported accounted individually for less than 5% 
each of the total, and included cases of histiocytosis 
X, haemangiomata, hepatoblastomata, retinoblasto- 
mata, and others. In a few centres where cases of 
congenital neoplasia were derived from a known 
maternity unit it was possible to estimate the incidence 
in a normal birth population. The best documented 
reports seemed to indicate that the normal incidence 
of congenital neoplasia ranged from 1/12 500 to 
17 300 total births. Attention was drawn particu- 
larly to the errors inherent in making deductions 
from figures volunteered from many centres differing 
widely in nature and location in the world. 


Lung lesions in the premature rabbit neonate induced 
by brief periods of artificial ventilation: prophylactic 
effect of surfactant. R. Nilssen, G. Grossman, and 
B. Robertson. Department of Paediatric Pathology, 
Karolinska Institutet, and Research Laboratory, 
Department of Pathology, St. Górans Sjukhus, 
Stockholm. 


Premature newborn rabbits (gestational age 27 
days), were tracheotomised and treated with inter- 
mittent positive-pressure ventilation (IPPV) for 
periods varying between 1 and 60 minutes. Tidal 
volume was registered by a body plethysmograph and 
adjusted to 10 ml/kg body weight, and insufflation 
pressure recorded. Histological lung sections showed 
necrosis of bronchiolar epithelium in all animals 
ventilated for more than 1 minute; the degree and 
exten: of these lesions increased with the duration 
of IPPV. A separate group of animals, ventilated 
for 19-60 minutes, received an intratracheal deposi- 
tion of 50 ul of homologous surfactant suspension, 
prepared by centrifugation of lung wash from adult 
rabbits; littermates with empty tracheal tube 
served as controls. 


In this series the mean quasistatic compliance 
of the lung-thorax system was higher among 
surfactant-treated animals than in controls (mean 
+ SD 0-42 + 0-09 and 0-27 + 0-04 ml/cm H,O 
per kg, respectively, P<0-002). Morphometric 
analysis of lung sections showed that the alveolar 
compartment was better expanded in surfactant- 
treated animals than in controls, and that necrosis 
and desquamation of bronchiolar epithelium were 
absent or scarce in the surfactant-treated animals but 
prominent in controls. Findings indicate that bron- 
chiolar epithelial lesions can be induced in the preterm 
neonate by short periods of IPPV, and that these 
lesions can be prevented by deposition of surfactant 
in the upper airways before onset of ventilation. 


Abnormalities in the structure of the trachea in 
children with tracheo-oesophageal fistula. P. Wailor 
and J. L. Emery. Department of Pathology, 
Children's Hospital, Sheffield S10 2TH. 


A quantitative study has been carried out on the 
size, the amount of cartilage, and length of muscular 
tissue in standard blocks of the tracheas from 
children coming to necropsy. From these data, means 
and a normal range were devised. Serial blocks were 
taken throughout the length of the tracheas from a 
total of 50 cases of tracheo-oesophageal fistulas. 
Measurements from these have been compared with 
the controls and this indicates that a considerable 
number of children with tracheo-oesophageal fistula 
have abnormalities in the structure of the trachea 
throughout its whole length. 


Is short segment Hirschsprung’s disease a new 
entity? J. L. J. Gaillard. Department of Pathology, 
1 Medical Faculty, Rotterdam. 


Intramural colonic hamartoma: unusual cause of 
chronic constipation with segmental dilatation of the 
colon. J. N. Cox, P. Braun, and D. Nusslé. Depart- 
ments of Pathology, Paediatrics, and Genetics, 
Hópital Cantonal, 1211 Geneva 4. 


Radiological investigations in a 7-year-old girl, who 
had had chronic constipation from birth, showed 
localised dilatation of the sigmoid colon with 
functional obstruction and narrowing of the distal 
portion. Several rectal biopsies taken in the perinatal 
period showed normal ganglion cells, thus excluding 
Hirschsprung's disease. The resected segment had 
muscular abnormalities of the bowel wall and the 
accompanying vessels, consistent with a ‘hamartoma’ 
of the distal segment. Radiological, surgical, and 
pathological aspects were considered in relation to 
segmental dilatation of the colon and pseudo- 
Hirschsprung's disease. 


Seminiferous tubules during infancy related to children 
dying with hydrocephalus. J. A. Mendez and J. L. 
Emery. Department of Pathology, Children’s 
Hospital, Sheffield S10 2TH. 


A quantitative study was carried out on the diameter 
of the seminiferous tubules and of the proportion of 
pregerminal and Sertoli cells in a series of 115 boys 
dying with hydrocephalus and spina bifida, and 162 
children stillborn and dying during infancy. 

There was a progressive increase in the diameter of 
the seminiferous tubules throughout the period 
under study. There is a great increase in the number 
of pregerminal cells around the time of birth; which 
disappear progressively after birth. In some children 
with hydrocephalus there is an increase in the 
number of pregerminal cells suggesting that the 
testis is in a state of abnormal hypothalamic 
stimulation. 


Tubular lesions in focal sclerosing glomerulopathy. 
T. Ishidate and J. Huber. Department of Pathology, 
Hospital for Sick Children, Toronto M5G 1X8. 


134 kidney biopsy specimens of primary nephrotic 
syndrome were reviewed with particular regard to 
the tubular changes, using light microscope and 
immunofluorescent findings. The age of the patients 
ranged from 6 months to 16 years (80 males, 54 
females). Beside tubular atrophy, cast formation, and 
dilatation of tubular lumen, some biopsies showed 
marked proliferation of epithelial cells, often sur- 
rounding the casts in dilated or collapsed distal 
tubules and often accompanied by calcium deposition 
in adjacent interstitium. These changes were observed 
more often in focal glomerulosclerosis (FGS) (17 out 
of 36), compared to minimal lesion (5 out of 61), 
membranoproliferative glomerulonephritis (2 out of 
11), and membranous glomerulopathy (1 out of 8). 
Out of 8 cases with these extensive tubular lesions in 
the FGS group, 6 patients were under 2 years of age 
at the time of onset of nephrotic syndrome. 


Histopathology of lymphoid tissue in 15 cases of 
DiGeorge syndrome. J. J. van der Harten and J. 
Huber. Pathologisch Instituut, Vrije Universiteit, 
Amsterdam; and Department of Pathology, Hospital 
for Sick Children, Toronto M5G 1X8. 


In children who suffer from the III-IV pharyngeal 
pouch or DiGeorge syndrome and in whom the 
congenital cardiac anomaly usually predominates, 
there is a disturbance of the cellular immunity 
because of the concomitant aplasia or hypoplasia of 
the thymus. This disturbance has clinical as well as 
pathological-anatomical manifestations. 
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Histopathological changes of the lymphatic 
tissue were found in a series of 15 cases with survivals 
ranging from 1 day to 7 months. (1) Gestational age 
and time of survival determine the morphology of the 
Iymphatic tissue in lymph nodes and spleen. (2) The 
variability of the lymphocyte density and size of the 
paracortical areas in lymph nodes and periarteriolar 
lymphocyte sheaths in the spleen (thymus-depen- 
dent areas) did not permit us to distinguish between 
hypoplasia or aplasia of the thymus (partial or 
complete DiGeorge syndrome, respectively). (3) In 
the cases of less than 1-month survival where careful 
post-mortem examination failed to uncover thymic 
tissue, thymus-dependent areas in the lymphoid 
tissue could still be recognised. 


Suppressor thymus-derived (T) lymphocytes in the 
human fetus: protective mechanism against rejection ? 
L. B. Olding, R. A. Murgita, M. B. A. Oldstone, and 
H. Wigzell. Departments of Immunology and Patho- 
logy, University of Uppsala; and Scripps Clinic & 
Research Foundation, La Jolla, California. 


The fetus inherits genetic mareital from its father and, 
accordingly, should be recognised as alien, ‘non-self’, 
by the mother's immunocompetent cells and sub- 
sequently rejected. Obviously rejection does not 
occur in the vast majority of pregnancies. The 
reason is still unclear but presumably several pro- 
tective mechanisms are involved. We have found so- 
called suppressor T lymphocytes in the cord blood 
of the human newborn which are able to abrogate 
the proliferation of mitogen-induced maternal 
lymphocytes in vitro. The suppression can be elicited 
by means of cell-to-cell contact between maternal 
and neonatal cells or by low molecular weight 
soluble factor(s) released by activated neonatal T 
lymphocytes. The newborn's suppressor cells seem 
to harbour in a subpopulation of T cells carrying 
surface receptors for IgG and are able to inhibit 
both cell-mediated and humoral responses in vitro. 

Similar immunosuppressive activities both in 
vitro and in vivo have been reported in neonatal mice 
by other authors. One may speculate that maternal 
lymphocytes coming into contact with the fetal 
antigenically alien trophoblastic cell layer in the 
placenta are prohibited from responding by host- 
versus-graft reaction. This effect might be exerted 
either by fetal lymphocytes that travel through the 
placental barrier, or by the release of suppressive 
soluble substance(s) by fetal lymphocytes circulating 
in the capillaries in the chorionic villi. The low mole- 
cular weight soluble substance(s) found in our 
experiments might easily diffuse through the thin 
barrier between the fetal capillaries and the inter- 
villous space in the placenta. 
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Correspondence 


Gastric emptying in term and preterm 
infants 


Sir, 

Contrary to clinical impression the view now held is that 
the rates of gastric emptying in term and preterm infants 
are similar. Cited in support of this view is a paper 
published in the Archives (Yu, 1975). Yu stated that 
‘similar rates of gastric emptying were obtained in term, 
preterm, and SFD infants’. 

This conclusion was erroneous. Gastric emptying is 
dependent on volume (Hunt and MacDonald, 1954), so 
for comparisons between groups of babies the volume 
should be kept constant. In this study the volume given 
was 7 ml/kg, but it should be noted that the mean weight 
difference between the term and preterm infants was more 
than 1 kg. Even though the percentage of the test meal 


recovered after 30 minutes was similar in term and pre- 
term infants, it should be apparent that the number of cc 
evacuated in 30 minutes was more in term infants. The 
evidence presented in this study supports the clinical 
impression that gastric emptying is more rapid in term 
infants, but no firm conclusion can be drawn because of 
the differences in the volumes given. 


I. BLUMENTHAL 
8 Parva Springs, 
Tintern, Nr Chepstow. 
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Benefits and Hazards of the New Obstetrics. 
Edited by Tim Chard and Martin 
Richards. Clinics in Developmental 
Medicine No. 64. (Pp. 169; illustrated + 
tables. £6.00.) Spastics International 
Medical Publications/Heinemann: 
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‘The pleasing punishment that women bear’ 
—The Comedy of Errors (Shakespeare) 


Medicine has its own cybernetic system 
hereby enthusiasms and the imbalance of 
effort that they bring about are quite soon 
corrected by the need to keep our feet on 
the clinical ground. The publication of 
the 1958 Perinatal Mortality Survey drew 
attention to preventable mortality and 
morbidity in newborn infants at a time 
when obstetricians were ceasing to be pre- 
occupied with maternal death as the most 
pressing of their problems. It was therefore 
appropriate that during the subsequent 
decade and a half we should have de- 
veloped perinatology as a specialty 
within both obstetrics and paediatrics, 
and that the contribution of the new 
discipline should have been assessed in 
terms of public health statistics, first in 
educing deaths and subsequently in 
reducing disablement resulting from in- 
adequate standards of care. This led on the 
one hand to the introduction of modern 
technology into both parent disciplines, 
and on the other to application of clinical 
physiology to the problems posed by 
babies born at the limits of viability. 
This necessary task has been largely 
completed, though much i-dotting and 
t-crossing remains to be done; and we are 
now face to face with the problems 
created by our success and the means that 
we have employed to attain it. It is 
interesting that the reaction has come 
first from the general public—naturally 
initiated by intelligent middle-class women 
of child-bearing age but supported by 
concerned sociologists and some obstetri- 
cians and paediatricians—and that it is 
based on a feeling that medical technology 
. gnd medical concern with the more 
^ easily quantified criteria of successful 
practice have to some extent dehumanised 
the process of giving birth, which for many 
women represents a high point in their 
emotional lives despite all its attendant 


tribulations, dangers, and anxieties. One 
of the catch-phrases of the time is the so- 
called ‘silent majority’; but it soon becomes 
vocal when what it feels are vital interests 
come under threat; and it may be literally 
vital for our culture that what Donald 
Winnicott described as ‘the ordinary good 
mother’ should not lose the qualities of 
devotion, competence, and equanimity 
that are necessary to keep our caring way 
of life going—with all that that means for 
the less fortunate members of society. 
Another of Winnicott’s concepts was 
what he called ‘the facilitating environ- 
ment’; that is, those conditions that 
enable natural processes to take their 
normal course whether these are giving 
birth, suckling, growing up, living a full 
human life, or dying when the time is ripe. 
The work of Klaus and Kennell has made 
it evident to those who behave as if the 
onus of proof should be on conservatives 
rather than on radicals, that the environ- 
ment in which the nursing couple first 
come to terms with one another matters, 
and that dispositions that get in the way 
of this happening have long-term effects 
whose importance has not yet been fully 
explored or appreciated. The reaction 
against systems of care that lack the 
human dimension is now at the top of its 
swing, and there is even a danger that real 
gains in safety for mother and baby may 
be lost if it in its turn is not damped by 
critical appraisal of the changes in 
practice that are advocated by its pro- 
tagonists. Confrontation on TV turns out 
not to be the way by which those with 
different priorities can learn to accom- 
modate each other's point of view; nor 
does semi-political, medical, or socio- 
logical journalism necessarily bring about 
a constructive synthesis of attituaes. 
There are however now in, or just out of, 
the press a number of books in which the 
debate is conducted with proper regard 
to the rules—the dispassionate rehearsal 
of the evidence on which both sides base 
their assertions. The book under review is 
probably the best of these, at any rate for 
a medical readership. It is a slim volume 
but its content is by any standards weighty. 
It comprises an introduction and 1l 
chapters, of which the last is a kind of 
provisional summing up by the editors. 
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A. C. Turnbull’s introduction is charac- 
teristically balanced, perceptive, and well- 
informed, though this reviewer would take 
issue with his dismissal of domiciliary 
Obstetrics as a sop to Cerberus. Alberman's 
opening chapter is a rehearsal of the 
statistics on which the arguments of 
both sides are based; and quite properly 
they are presented comprehensively, dis- 
passionately, and critically. Chapters 2 
and 4 are by nonmedical women and deal 
with cross-cultural practices and *what do 
women want' respectively. Chapter 3 by 
Ian Chalmers and Martin Richards is 
what one expects in a no. 3 in that its 
arguments are the anchor on which the 
rest of the book is largely based. Again 
the authors are nonmedical, whereas 
chapter 5 by Timothy Chard on the 
physiology of labour, chapter 6 by Peter 
Howle on induction of labour, and 
chapter 8 by Michael Moore on the 
conduct of the second stage, are by 
obstetricians of the younger generation, 

and chapter 7 on pain relief is by an 
obstetric anaesthetist with practical ex- 
perience of what he is talking about. 

The chapters by Chard and Howle 
provide a nice contrast in approach, 
Chard's comprising a critical examination 
of the meagre and conflicting evidence on 
what decides a mother or fetus to bring 
pregnancy to its climax, Howle's centring 
on his evidence that induction in women 
thought to have gone past term reduces 
deaths in the category 'mature—cause 
unknown'. It is, of course, self-evident 
that if no pregnancies are allowed to go 
past term the number of fetal and neo- 
natal deaths previously ascribed to post- 
maturity will fall; but it is not clear from 
Howle's figures that this gain on the 
swings may not be concealing an equiva- 
lent or greater loss on the roundabouts 
hidden by the general improvement in 
figures during the course of his study. 
Chapter 9 by David Baum and Peter 
Tizard is a rehearsal of the hazards and 
benefits of the new neonatal paediatrics 
and includes a salutary catalogue of our 
past mistakes and some hints of what may 
be seen as our present mistakes in the 
future. Chapter 10 by P. M. Stratton, who 
is a psychologist, concerns the ‘criteria for 
assessing the influence of obstetric 
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circumstances on later development’ and 
is a rich source of information both on 
what has and what has not been demon- 
strated in this difficult field, and also of 
the limitations of the methodology 
employed. The book is worth reading for 
this chapter alone; and it contains no more 
comfort for those who are dismissive of 
public anxiety than it does fuel for those 
who express it. No doubt time will show 
where the balance lies; but in the mean- 
time the onus of proof is clearly on those 
who advocate changes in traditional 
practices and the unmonitored intro- 
duction of new techniques. However, it is 
time that some bathwater was emptied for 
the sake of the baby and one practice 
that can surely no longer be justified, as 
Rosen shows, is the almost routine ad- 
ministration of pethidine ostensibly to 
relieve the pains of labour, whereas it 
has been said to be almost unique among 
drugs for having major side effects and 
minimal useful effects. 

No other obvious conclusion emerges, 
except perhaps a reinforcement of the 
old adage, primum non nocere. It is 
important that we should not be in too 
much of a hurry in applying new ideas to 
practice at large, or assume too much 
responsibility for matters that lie outside 
our competence as physicians (though 
they may involve our responsibilities as 


citizens). Technology is a good servant; 
but like Jeeves and Crichton, its very 
competence may lead to its taking over the 
functions of a less competent set of 
masters. The answer for the profession is 
clear; we must be sure about the ends we 
serve and we must be informed about the 
means we employ to achieve these. In this 
our obstetric colleagues have once again 
given a lead to the whole profession and 
we should be grateful to them for this and 
for a publication obviously resulting from 
their initiative in undertaking what is now 
known as a self audit. Other specialists 
including our own should follow their 
example and that set by neonatologists. 


JOHN A. DAVIS 
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Recent Progress in Pediatric Endo- 
crinology. Proceedings of the Serono 
Symposia, Vol. 12. Edited by G. Chiumello 
and Z. Laron. (Pp. 325; illustrated + 
tables. £10.00.) Academic Press. London. 
1977. 


The international symposium was held in 
Milan in October 1976; 32 papers are 
recorded. 


The Diabetic Pancreas. Edited by Brunc 
W. Volk and Klaus F. Willmann. (Pp 
xviii + 599; illustrated + tables. US 
$54.00.) Plenum: New York. 1977. 


A multiauthor monograph from the USA 
surveying the pathology of diabetes ir 
depth. The photomicrographs are superb 
Chapters on juvenile diabetes and vira 
diabetes will be those likely to be most 
relevant to paediatricians. 


Clinics in Haematology. Perinatal Haema- 
tology. Volume 1, number 1. Guest 
Editor, Bertil E. Glader. (Pp. viii + 223: 
illustrated + tables. £8.25.) Saunders: 
London, Philadelphia, Toronto. February 
1978. 


Twelve chapters by different authors front 
the US or Canada discuss current topic: 
in paediatric haematology mainly from 
the clinician’s angle. 


Child Abuse. Prediction, Prevention and 
Follow-up. Edited by Alfred White 
Franklin. (Pp. 214; illustrated + tables. 
£8.00.) Churchill Livingstone: Edinburgh. 
London, and New York. 1978. 


The Working Party of the Tunbridge 
Wells Study Group first met in 1973, and 
published Concerning Child Abuse in 1975. 
This is a record of its meeting in October 
1976. 
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Annontations 


Changing concepts in asthma 


It is generally accepted that in acute asthmatic 
attacks the child has greater difficulty breathing out 
than breathing in, and that when airways obstruc- 
tion is severe, positive intrathoracic pressures are 
generated with the help of the accessory, respiratory 
muscles. Mead introduced the concept of dynamic 
compression of the airway indicating that these 
expiratory efforts are not entirely helpful, as positive, 
intrathoracic pressures will tend to collapse the 
relatively compliant airways proximal to the obstruc- 
tion, further increasing the bronchoconstriction.! 
This concept has been supported by measurements 
on models, and by the observation that chest x-rays 
taken during expiration show a considerable reduc- 
tion in the diameter of the intrathoracic airway when 
severe airways obstruction is present. It is also well 
established that the lung volume tends to rise as 
airways obstruction increases, so that the volume of 
air in the lungs at the end of each breath may be 
doubled or even trebled.? It has been assumed that 
this is a purely physical response of the respiratory 
system to conditions in which the flow time constant 
during expiration is greatly prolonged relative to 
inspiration, resulting in a tendency for the lungs to be 
pumped up to a higher level. This increase in lung 
volume is of advantage to the child. Although he will 
have to work harder on inspiration in order to 
expand his already stretched lungs, this work is 
stored in the elastic tissue of the lungs and is available 
to help expel the air during the next expiration. 
Breathing at a higher lung volume also tends to 
stretch open the airways and so reduces the degree 
of airway obstruction. 

There is now some information to suggest that 
this is not purely a physical process, but that changes 
occur in the elastic recoil characteristics of the lungs 
and chest wall to favour expansion of the thorax to 
a higher resting lung volume.? 

Some doubt has also been cast on the whole 
concept of dynamic compression and positive intra- 
thoracic pressures as a result of recent work.* In this 
work measurements were taken of the intrathoracic 
pressure changes during tidal breathing and also 
during forced respiratory manoeuvres in 8 normal 
children and 8 children with acute asthma between 
the ages of 11 and 14. The intrathoracic pressure 
was monitored using an oesophageal balloon 


system. It was found that as the severity of the 
attacks increased, as judged by the FEV,, the mean 
inspiratory pressure fell progressively, so that during 
tidal breathing the mean intrathoracic pressure was 
—15:7 cm H.O in the asthmatic children, compared 
with —5:0 cm in the normal children. The peak 
inspiratory pressures during tidal breathing reached 
a mean of —28:8 cm H,O in the asthmatic group, 
compared with only —7:0 cm in the controls. 
Surprisingly, in the presence of airways obstruction 
the mean maximum pressure on expiration during 
tidal respiration was only —1:7 cm H:O, while in 
the most severe attacks only small positive intra- 
thoracic pressures were detected. During maximum 
respiratory efforts the asthmatic children generated 
intrathoracic pressures of —38-8 cm H:O, compared 
with —26-1 in the normal subjects. This finding is 
interesting for two reasons. Firstly if these data are 
representative, our concepts of the dynamic changes 
occurring iu the airways during an asthmatic attack 
need to be reconsidered. Of greater interest perhaps 
are the clinical implications. A fall in the mean 
intrathoracic pressure will increase the hydrostatic 
factors tending to transfer fluid from the pulmonary 
capillary bed to the interstitial tissues, effectively 
producing pulmonary oedema. These authors have 
already shown that this transfer of fluid can be 
produced in dogs subjected to large negative intra- 
thoracic pressures. They claim that the peri- 
bronchial cuffs of oedema, apparent at necropsy, are 
almost certainly brought about by this mechanism. 
Their conclusion from the data is that although 
intravenous fluids are indicated to correct dehydra- 
tion, over-generous administration of fluids will 
reduce the pulmonary capillary hydrostatic pressure 
and augment the transfer of fluid to the interstitial 
tissues, thereby resulting in a further deterioration 
in the child's clinical state. 

As these data conflict with the clinical impression 
that high positive intrathoracic pressures are gener- 
ated, it is important that they should be reviewed 
critically. Absolute intrathoracic pressures are 
difficult to measure accurately as artificial baselines 
tend to be generated by the tone of the oesophagus 
and also by the elastic recoil characteristics of the 
balloon. The size of the changes measured by these 
authors is, however, probably too great to be 
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attributed to artefacts alone. Alternatively it may 
be that these asthmatic children, who are breathing 
through a mouthpiece, have a tube down one nostril 
and are wearing noseclips, are breathing in an un- 
representative manner, and are not generating 
positive intrathoracic pressures as a result of this. 
This work obviously needs to be repeated, but 
meanwhile it would seem reasonable to avoid over- 
hydrating children with status asthmaticus. 
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Antigen handling by the gut 


The epithelial surface of the gastrointestinal tract 
represents an extensive surface area exposed to a 
hostile intraluminal environment containing a 
variety of antigenic macromolecules. These intra- 
luminal substances—such as food antigens, micro- 
organisms, and toxins—can potentially penetrate the 
mucosal barrier and gain access to the interstitial 
space or be taken up into the systemic circulation. 
Penetration of the mucosal barrier may in turn 
result in clinical disease manifested by infection, 
allergy, or autoimmunity. In order to combat the 
potential for antigen penetration across the mucosal 
barrier, man has created an elaborate system of 
immunological and nonimmunological defences 
within the intestinal lumen or on the intestinal 
surface (glycocalyx) which act to maintain the 
epithelium as a barrier to uptake of macromolecules. 
Of particular importance are recent studies which 
have begun to demonstrate the role of the glycocalyx 
as an active metabolic compartment, both for the 
control of bacterial adherence to the epithelial 
surface, and for interference with the attachment 
and uptake of antigens and enterotoxins.? 


Intestinal permeability 


Despite the notion that the gut is an impenetrable 
barrier to the uptake of intraluminal antigens, 
experimental and clinical evidence suggests that the 
mucosal barrier to antigenic material may be incom- 
plete, allowing for absorption of macromolecules, 
not in sufficient quantities to be of nutritional 
importance, but in quantities that may be antigenic 
or biologically active.? The concept of intestinal 
permeability to intraluminal antigens stems primarily 
from studies in newborn babies. 

In combined morphological and physiological 
experiments, the small intestinal epithelial cell can 
be demonstrated to engulf macromolecular antigens 
by an endocytotic process indistinguishable from 
the pinocytosis process described in human macro- 
phages. The initial event in this process is an inter- 
action between large molecules within the intestinal 
lumen and components of the microvillous membrane 
of intestinal absorptive cells (adsorption). When a 
sufficient concentration of molecules comes in 
contact with the cell membrane, invagination occurs 
and small vesicles are formed. After invagination, 
antigens migrate within membrane-bound vesicles 
(phagosomes) to the supranuclear region of the cell 


where vesicles coalesce with lysosomes to form 
large vacuoles (phagolysosomes). Within these 
structures intracellular digestion occurs. However, 
small quantities of ingested molecules escape 
breakdown and migrate to the basal surface of the 
cell to be deposited in the interstitial space by a 
reversal of pinocytotic process. Under normal cir- 
cumstances, macrophages and plasma cells present 
in the lamina propria of the small intestine and 
interact with antigens as a secondary line of defence 
against the penetration of antigen into the circulation. 
However, when excessive quantities of antigen 
traverse the intestinal epithelial cell or when secon- 
dary defences are lacking or diminished, as in 
secretory IgA, antigens may diffuse into the inter- 
stitial space and enter the systemic circulation. The 
penetration of foreign proteins into the circulation 
may in turn evoke allergic or toxigenic reactions 
manifested as disease states. Several clinical studies 
suggest that macromolecules can cross the mucosal 
barrier under normal physiological conditions in 
man.* As the pinocytotic process of antigen absorp- 
tion probably represents the residual of a primitive 
absorptive mechanism in the alimentary canal, 
the capacity to absorb large molecules may be more 
extensive in the immature small intestine than in the 
mature and more highly developed intestine. In fact, 
this observation is supported by evidence suggesting 
that premature and newborn infants can absorb 
greater quantities of ingested food antigens than 
older infants or adults.» Rothberg * for example, has 
measured bovine serum albumin (BSA) in the 
serum of premature infants fed quantities of this 
protein normally present in their daily milk. In 
contrast, circulating BSA could not be detected in 
serum samples from older children fed equivalent 
quantities of protein. He and others ^? have also 
reported a larger percentage of infants with serum 
samples containing antibodies to food antigens, 
suggesting that food proteins are absorbed intact 
into the circulation of infants in sufficient quantities to 
evoke a systemic immune response. The implication 
of these studies is that the neonatal intestine 
may absorb antigenic quantities of ingested protein 
more readily than the more mature adult intestine. 
To support this hypothesis, Lev and Orlic® in 
recent morphological studies with fetal monkeys, 
and Moxey and Trier '° with human fetuses, have 
shown excessive uptake of large molecules by 
intestinal epithelial cells. They also described 


527 


528 W. A. Walker 


morphological features of epithelial cells suggesting 
structural immaturity. This same immaturity of 
gastrointestinal function and structure may persist 
beyond fetal life into the newborn period, at a time 
when the small intestine is exposed to increased 
quantities of both bacterial and food antigens. 

In a recent study," we have shown that levels of 
milk and soy serum agglutinins are considerably 
higher in infants fed milk and soy formulae within 
the first 3 months than in those introduced to these 
protein antigens after 3 months of age. This study 
suggests that the intestinal tract is more permeable 
to antigens during the first 3 months. It is, therefore, 
important that more studies be done to define clearly 
intestinal permeability to specific antigens during 
the perinatal period. 

Recent studies have demonstrated that a special- 
ised epithelial cell may exist within the gut to 
facilitate the access of antigens to intestinal lymphoid 
tissue. This process may be important in the IgA- 
producing plasma cell cycle. These clusters of 
specialised epithelial cells, known as membranous 
epithelial cells (M-cells), have been recognised over- 
lying gut-associated lymphoid tissue (GALT) in the 
ileum of several species, including man, and may 
represent an important pathway for the direct access 
of intestinal antigens to lymphoid tissue.!2 Morpho- 
logical features of M-cells, including a paucity of 
microvilli, a poorly developed glycocalyx, and an 
absence of lysosomal organelles, support the view 
that these cells are especially adapted for antigen 
transport. Histochemical studies have demonstrated 
a preferential uptake of horseradish peroxidase into 
M-cells after exposure of the gut to small quantities 
of that antigen. After exposure to larger amounts of 
the enzyme, uptake of horseradish peroxidase was 
noted, not only in M-cells, but in all epithelial cells, 
suggesting that the mode of antigen access to GALT 
may be dependent on the concentration of antigens 
in the intestinal lumen. At physiological or lower 
levels of luminal antigen, the specialised uptake 
pathway is preferred; at increased antigen levels, a 
more generalised uptake of antigen takes place. 
After uptake into M-cells, horseradish peroxidase is 
rapidly released into the interstitial space and pro- 
cessed by lymphoid cells circulating through Peyer’s 
patches. This mechanism of antigen handling by the 
gut appears to represent an important specialised 
access route for intestinal antigens to reach lymphoid 
tissues and thereby stimulate the local immune 
system. 


Intestinal antibodies 


An important, if not the most important, component 
of host defence at the epithelial surface is the 


presence of intestinal antibodies. There is now 
substantial evidence that the main function of 
intestinal antibodies is the process of immune 
exclusion at the mucosal surface. William and 
Gibbons !* examined the adherence properties of oral 
pathogens, such as Streptococcus viridans, to 
epithelial cell surfaces before and after exposure of 
these organisms to specific secretory IgA antibodies. 
They observed a definite decrease in adhesion of 
these bacteria to the cell membrane after exposure 
to secretory antibodies. They concluded that 
secretory IgA antibodies block specific binding sites 
on the bacterial cell wall and thereby interfere with 
bacterial adherence to epithelial surfaces. A decrease 
in adherence results in decreased colonisation as well 
as enhanced clearance of the bacteria by oral 
secretions. Additional studies have shown inter- 
ference in the attachment of Vibrio cholerae to 
intestinal mucosa by secretory IgA intestinal anti- 
bodies. The presence or absence of intestinal 
antibodies capable of interfering with specific 
bacterial adherence may also be important in 
determining the nature of indigenous gut bacterial 
flora. 

Intestinal antibodies can also protect against the 
effects of toxic bacterial by-products (for example, 
enterotoxins). Secretory antitoxins complexing with 
cholera toxin can prevent toxin binding to receptors 
on intestinal microvillus membranes and thereby 
interfere with the activation of adenylate cyclase, a 
necessary step in the active secretion associated with 
toxigenic diarrhoea. In like manner, intestinal anti- 
bodies interfere with the uptake of nonviable anti- 
gens introduced directly into the gastrointestinal 
tract. We have previously reported that intestinal 
antigens become rapidly associated with antibodies 
present in the glycocalyx. Antigen-antibody complex 
formation at that site appears to prevent migration 
of antigen to the cellular membrane surface and 
thereby to interfere with pinocytosis by enterocytes. 
Other investigators have demonstrated that IgA 
myeloma antibodies injected into the respiratory 
tract of laboratory animals interfere with the up- 
take of human serum albumin by respiratory 
epithelium.!* 


Other defence mechanisms 


A number of nonimmunological factors, present 
either within the intestinal lumen or on the intestinal 
mucous surface, exist and are of importance as an 
adjunct to more classical host defence mechanisms 
of the gut. These factors include peristaltic move- 
ment, goblet cell release of mucus, pancreatic 
enzymes, indigenous flora, and hepatic reticulo- 
endothelial filtration. We have reported +’ that 


pancreatic enzymes adsorbed to the surface of the 
small intestine facilitate the breakdown of antigen- 
antibody complexes at that site. More recently, we 
have shown that antigen-antibody complex forma- 
tion within the intestinal lumen may trigger the 
release of goblet-cell mucus which in turn can 
interfere with further antigen penetration across the 
mucosal barrier.'* These nonspecific defences may 
work synergestically with immunological defences 
in the control of proliferation of micro-organisms 
present in the gastrointestinal tract, by decreasing 
adherence of organisms to the gut surface; these 
factors may also be important in limiting the 
available antigen mass that may otherwise over- 
whelm local immunological defence mechanisms 
and penetrate the mucosal barrier or enter the 
systemic circulation. Taken individually these 
factors contribute very little to the overall protection 
of epithelial surfaces. However, when all non- 
specific defences are operational their combined 
contribution provides important additional pro- 
tection. 


Gastrointestinal allergy 


As a result of the pathological transport of antigens 
across the small intestine, toxic quantities of bacterial 
breakdown products, proteolytic and hydrolytic 
enzymes, and ingested antigens may traverse the 
mucosal barrier and predispose to gastrointestinal 
diseases. The gastrointestinal diseases possibly 
associated with antigen absorption are gastro- 
intestinal allergy, inflammatory bowel disease, 
coeliac disease, toxigenic diarrhoea, chronic hepati- 
tis, necrotising enterocolitis, and autoimmune 
diseases. Since the evidence cited to support the 
hypothesis that intestinal permeability to antigens is 
involved in the pathogenesis of human disease is 
largely indirect, the reader should realise that these 
comments are highly speculative and remain to be 
proved by more direct evidence.? Probably the most 
striking association between antigen handling and 
clinical disease is shown with gastrointestinal allergy. 
Several clinical allergy symptoms have been des- 
cribed which appear to relate specifically to the 
ingestion of specific foods (particularly cows' milk). 
These conditions may be localised to the gastro- 
intestinal tract and present with diarrhoea, gastro- 
intestinal bleeding, or protein-losing enteropathy, 
or they may be represented by systemic manifesta- 
tions of allergy ranging in severity from exanthema 
to anaphylaxis. The clinical expression of allergy 
may relate (a) to the transport of antigens into the 
lamina propria alone (local allergic reaction), or 
(b) into both the lamina propria and systemic 
circulation (systemic allergic response). Factors 


Antigen handling by the gut 529 
which determine the nature of the allergic response 
are not entirely understood, but they undoubtedly 
relate to the degree of sensitivity of the allergic 
patient and/or the concentration of allergen ingested. 
Although the mechanism(s) of gastrointestinal 
allergy is at present obscure, it would appear 
that the intestinal transport of allergens is a necessary 
initial step in the process. In fact, it has been suggested 
that during the neonatal period when increased 
antigen permeability exists, susceptible infants may 
become sensitised to specific ingested protein. With 
re-exposure at a time when much less macro- 
molecular absorption is occurring, minute quantities 
of allergen may be absorbed and result in allergic 
symptoms. 

Although the pathogenesis of inflammatory 
bowel disease, which includes chronic ulcerative 
colitis and Crohn's enterocolitis, remains unclear, 
one of the current hypotheses is that bacterial 
antigens taken up from the intestine evoke a local 
hypersensitivity reaction which in turn causes local 
intestinal inflammation, mucosal ulceration, and 
granulomatous reaction. Shorter et al. suggest that a 
deranged permeability of the gut mucosa allows for 
the passage of macromolecules and nonenteropathic 
Gram-negative bacteria into the gut wall which 
contains aggregates of lymphoid tissue previously 
sensitised to these same antigens.!? This penetration 
of antigens triggers a hypersensitivity reaction in the 
intestinal wall which ultimately results in the patho- 
logical condition of inflammatory bowel disease. 

The pathogenesis of coeliac disease is not at 
present fully understood. However, some evidence 
suggests that a local immunological response 
within the small intestine may account for the 
pathological changes of epithelial cell destruction 
and submucosal inflammation characteristic of this 
disease.?? It is possible that the intestinal uptake of 
gluten (a major component of wheat protein) or its 
polypeptide breakdown product (gliadin), could 
account for the hypersensitivity response noted in 
susceptible individuals. It remains to be established 
whether the experimental evidence supports the 
contention that a primary immunological response 
to increased gluten uptake accounts for the disease 
state, or whether a generalised increase in the 
absorption of all intestinal antigens secondary to 
mucosal barrier damage accounts for the immuno- 
pathology present in the small intestine. 


Bacterial toxins 


An increased interest in the mechanism of action 
of bacterial exotoxins on intestinal mucosa has 
recently developed because of the number of reports 
of toxins causing a variety of diarrhoeal disease 
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states.?! From experiments on the mechanism of 
action of cholera toxin, we now know that toxigenic 
organisms do not penetrate the intestinal mucosa 
but instead release a protein (enterotoxin) which 
attaches to the intestinal epithelial cell surface and 
stimulates an increased secretion of fluids from the 
serosal to the mucosal surface. Some studies suggest 
that the toxin may either be taken up into the cell 
or in some way penetrates the intestinal mucosal 
barrier before exerting a biological effect. 


Hepatic disorders 


In addition to those clinical conditions described 
above, a number of other diseases may be associated 
with a pathological absorption of macromolecular 
antigens owing to an altered mucosal barrier. These 
conditions, although primarily associated with a 
selective deficiency in IgA, are thought to be due to 
an enhanced entry of macromolecules after inter- 
action with the epithelial surface of the gut. An 
increased incidence of certain liver diseases is 
associated with selective IgA deficiency.** It is 
suggested that hepatotoxic substances or breakdown 
products of intestinal flora (enzymes, endotoxins, 
etc.) within the gut lumen can be taken up directly 
into the portal circulation inconcentrations that exceed 
the protective capacity of the reticuloendothelial 
system, and thus can result in direct damage to 
hepatocytes. Furthermore, the chronic active hepa- 
titis associated with inflammatory bowel disease 
may be caused by excessive uptake of hepatotoxins 
across areas of denuded intestinal mucosa. This 
concept is based on the observation that sometimes 
when inflamed bowel is removed the liver condi- 
tion improves, suggesting a decreased uptake of 
toxins. 

From the foregoing, it is apparent to the reader 
that more research is needed before we can 
understand how the gastrointestinal tract handles 
antigens. For example, recent evidence suggests that 
intraepithelial lymphocytes are increased in number 
in those conditions associated with enhanced antigen 
permeability.?* What role do these cells play in that 
process? How can we selectively turn on secretory 
IgA and not IgE or IgG antibodies? What methods 
are available to protect passively and actively the gut 
from antigenic uptake? Better understanding of 
antigen handling by the gut may lead us to deal with 
these problems more appropriately. 
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At what age do bronchodilator drugs work ? 


W. LENNEY AND A. D. MILNER 


From the Department of Child Health, University Hospital and Medical School, Nottingham 


SUMMARY. Using a modification of the forced oscillation technique we have measured respiratory 
resistance before and after nebulised salbutamol therapy in 32 wheezing children aged 7 months to 
3 years 7 months. 12 of the children were also studied in a total body plethysmograph. No child 
under 18 months of age showed a greater than 5% fall in resistance or any fall in thoracic gas 
volume. In contrast, 18 of 20 children over 20 months of age showed a fall in resistance greater 


than 20%. 


Williams and McNicol (1969) could not separate 
younger children with wheezy bronchitis and 
recurrent wheezing episodes from their elder 
asthmatic counterparts and considered them to be 
part of the spectrum of asthma. Despite this, the 
treatment of wheezing in children under 5 years of 
age is inconsistent, and antibiotics are frequently 
used when bronchodilator therapy would be more 
appropriate if bronchospasm is the predominant 
abnormality. 

In a recent study (Lenney and Milner, 1978) we 
performed lung function tests before and after 
exercise in 23 children aged 3:1 to 5-2 years with 
recurrent wheezing episodes. 20 of these children 
showed abnormal postexercise bronchoconstriction 
compared with a group of normal controls, and all 
23 children responded to inhalation of nebulised 
salbutamol solution by showing a rise in peak 
expiratory flow rate and a fall in total respiratory 
resistance (R,), mimicking the physiological res- 
ponses of the older asthmatic child. In contrast, 
however, Radford (1975), Phelan and Williams 
(1969), and Rutter et al. (1975) showed no improve- 
ment in lung function after salbutamol inhalation 
in wheezy children under one year of age. The aim 
of this study was to identify when between the ages 
of 12 months and 3 years nebulised salbutamol 
becomes an effective therapeutic agent in children 
with recurrent wheezing attacks. 


Theory 
Total respiratory resistance (R,) was measured 
using a modification of the forced oscillation 


technique (DuBois et al., 1956a; Cogswell, 1973). 
This technique depends on the fact that when an 
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oscillating sine-wave airflow is applied to the 
respiratory tract, the transthoracic pressure changes 
induced are related to the total impedance of the 
system. The total impedance comprises R,, elastic 
impedance, and inertial impedance. At six cycles per 
second, the resonant frequency of the respiratory 
system, elastic and inertial impedance are of equal 
magnitude and opposite in sign, therefore cancelling 
out and allowing R, to be calculated directly. 

The apparatus used was similar to that of Rutter 
et al. (1975) (Fig. 1). The flow oscillations were 
generated by a sine-wave generator and fed to a 
rigid cone loud-speaker mounted inside a wooden 
box. These oscillations were conducted to a soft- 
flanged face mask by a 3 cm-bore tube. Rebreathing 
was prevented by feeding a 41 /min bias flow of air 
into the face mask. This emerged from the system 
via a small leak in the box. Flow was measured with 
a Fleisch pneumotachograph type 1. The pressure 
drop across the pneumotachograph and the mouth 
pressure changes were measured by identical 
differential pressure transducers (Elema Schónander 
EMT 32C). The signals were fed through an ampli- 
fication system (SE Laboratories EMMA) to a 
6-inch ultraviolet recorder (SE Laboratories Oscillo- 
graph 3006). We modified the flow signal by 
incorporating an active bypass filter which effec- 
tively eliminated frequencies below 2 cycles per 
second, hence eliminating the child's own breathing 
pattern. The resulting flow trace was easy to read and 
made calculations of R, more accurate (Fig. 2). 
At the end of each study, mouth pressure was 
calibrated using a water manometer and air flow 
using a rotameter. R, was calculated at the mid- 
expiratory point by dividing the mouth pressure 
oscillation by the flow oscillation. 

The children over 2? years were able to use the 
machine well and required no sedation. They sat on 
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Y Fig. 2 Trace of mouth pressure (P mouth) and mouth 


flow (V) during measurement of total respiratory 
resistance using the forced oscillation technique. The 

slow oscillations on the mouth pressure trace are 
produced by the child's tidal breathing (inspiration 
producing an upward deflection). This has been eliminated 
on the flow trace by the active bypass filter except at the 
end tidal points when the tidal flow produces artefacts 
(arrows). The rapid oscillations (6 Hz) are produced 

by the loud-speaker. 


a chair and breathed quietly through a mouthpiece 
which replaced the face mask (Lenney and Milner, 
1978). 

Airways resistance (RAw) and thoracic gas 
volume (TGV) were measured in 12 children using 
a modification of the plethysmographic technique 
(Radford, 1974). The plethysmograph was a 
specially constructed perspex box of 250 litres 
capacity. Measurements were made with the child 
in the supine position. A servo controlled heating 
system was incorporated to maintain the whole of 
the shutter system, rebreathing bag, and face mask 
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Fig. 1 Schematic representation 
of the apparatus. 


at 36°C (Stocks et al., 1977). Plethysmograph 
pressure, mouth pressure, and air flow signals were 
obtained, amplified, and simultaneously relayed to 
both axes of a cathode ray storage oscilloscope from 
which direct readings were taken and calculated 
using standard techniques (DuBois et al., 1956b, c). 

Each child was given 80 mg/kg chloral hydrate as 
sedation. When sleeping, the child was placed supine 
on a couch and the face mask was slowly lowered 
over the mouth and nose using gentle pressure until 
an airtight seal was obtained. Traces were obtained 
over five or six consecutive breaths. The R, was 
expressed as the mean of at least six readings. 
Repeat measurements were obtained at 5 minutes. 
12 of the children were then placed in the body 
plethysmograph to obtain Raw and TGV values. 
Each child was then given 0-5 ml salbutamol 
respirator solution dissolved in 1-5 ml sterile water 
through a Pari nebuliser. R, measurements were 
made at 10 minutes after therapy. RAW and TGV 
measurements were also repeated in the 12 children. 
Pulse rate was recorded before and after therapy. 

The reproducibility of the forced oscillation 
technique was assessed by comparing the two read- 
ings before giving salbutamol. The coefficient of 
variation of the percentage difference between the 
two pre-salbutamol R, values was 8-9°%. 


Subjects 


Thirty-two patients (22 boys, 10 girls) were studied 
on 34 occasions. Their ages at the time of study 
ranged from 7 months to 3 years 7 months (mean 23 
months). They were all recovering from an acute 
wheezing episode and although well at the time of 
testing, they still had increased respiratory efforts 
with prolonged expiration and an audible expiratory 
wheeze. All but one had had at least two previous 
wheezing episodes. 9 had a history of eczema and 20 
had a family history of asthma. The 12 children 
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studied in the total body plethysmograph had a mean 
age of 21 months (range 9 months to 2 years 8 
months). 


Results 


As there are no normal data available for R, over 
the age range studied and no data published on RAW 
using a heated shutter system, all results have been 
expressed as a percentage change from the initial 
reading. After medication no child under 18 months 
of age showed a fall in R, greater than 5%, whereas 
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all but one over 20 months showed a fall in R, 
greater than 15% (Fig. 3). As all children were 
wheezing and had audible expiratory rhonchi at the 
time of testing, we had no doubt that all had airways 
obstruction. 

The RAw measurements obtained using the total 
body plethysmograph confirmed the findings pro- 
vided by the oscillation technique, never falling by 
more than 10% in the 3 children tested under 18 
months of age, but falling by more than 187; in 6 
of the 7 children over the age of 20 months after the 
inhalation of nebulised salbutamol (Fig. 4). 


Fig.3 Total respiratory 
resistance measurements on 34 
occasions in 32 children whose ages 
range from 7 months to 3 years 7 
months. Each € represents the 
percentage change in total 
respiratory resistance from the 
initial reading to the reading taken 
10 minutes after the inhalation of 
nebulised salbutamol. 


Fig. 4 Comparison of total 
respiratory resistance (Rr) and 
airways resistance (RAW) 
measurements expressed as a 
percentage change from the initial 
reading to the reading taken after 
the inhalation of nebulised 
salbutamol in 12 wheezy children. 
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Only one child had a TGV below the predicted 
value for height (Doershuk et al., 1970). On average 
TGV was 44% above the predicted level with a 
range of —15% to +82%. Only 2 of the 12 children, 
aged 1 year 11 months and 2 years 4 months, showed 
a fall in TGV after salbutamol therapy, of 12% and 
17:7% respectively. 

Under 18 months of age, 7 of the 11 children 
showed a small increase in R, after salbutamol 
therapy, but these findings were not supported by 
the plethysmograph data and were not significant. 
One child who did not respond to salbutamol at the 
age of 17 months had a 407; fall in R, when retested 
at the age of 28 months. One other child responded 
at ages of 22 months and 23 months with a fall in 
R, of 20% and 31% respectively. Mean initial pulse 
rate was 116 per minute. Mean pulse rate 5 minutes 
after salbutamol therapy was 140 per minute. An 
increase in pulse rate was seen in all the children. 


Discussion 


These results show that children over the age of 20 
months with recurrent wheezing attacks respond to 
nebulised salbutamol in a similar manner to their 
older asthmatic counterparts. We were however 
unable to show any improvement in lung function or 
clinical state in the wheezy children between the ages 
of 7 and 18 months of age. Consistent increase in 
pulse rate after salbutamol inhalation suggested that 
significant amounts of the drug were being absorbed, 
sufficient to show some bronchodilator effect. Why 
children under 18 months of age with recurrent 
wheezing attacks fail to respond to bronchodilator 
therapy remains obscure. One possible explanation 
is that we were studying different pathologies in the 
different age groups, the younger children having 
‘bronchitis’ and the older children having ‘asthma’. 
But this is unlikely because apart from the response 
to salbutamol, the disease process was clinically 
identical in both age groups and one child who did 
not respond at 17 months of age obtained consider- 
able relief of airways obstruction after salbutamol 
inhalation at 28 months of age. 

A further possibility is that the salbutamol was 
leading to a fall in TGV associated with an improve- 
ment in clinical state without any change in resist- 
ance (Woolcock and Read, 1966). In none of the 12 
children in whom TGV was measured was this 
phenomenon seen. Other explanations for failure 
of salbutamol therapy in children of under 18 
months have been that it is related to poor develop- 
ment of bronchial muscle (Engel, 1962; Phelan and 
Williams, 1969), or that in children with narrow 
airways the bronchial obstruction is predominantly 
due to thick mucus secretions and mucosal oedema. 
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We conclude that (1) nebulised salbutamol 
solution is effective in reducing airways obstruction 
in most wheezing children over 20 months of age; 
(2) salbutamol therapy is unlikely to be of benefit 
when given to children under 18 months of age. 


We gratefully acknowledge financial support from 
the Chest and Heart Foundation and from Allen 
and Hanburys Research Limited. 
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Congenital cytomegalovirus infection in newborn 
infants of mothers infected before pregnancy* 


KURT SCHOPFER, EDGAR LAUBER, AND ULRICH KRECH 


From the Institute of Medical Microbiology, and Children’s Hospital, St Gallen, Switzerland; and 
Nestlé Foundation, Abidjan, Ivory Coast 


SUMMARY The rate of congenital cytomegalovirus (CMV) infection was studied in newborn 
infants in an African population in which all adults had experienced primary CMV infection during 
childhood. Viruria within the first 12 hours after delivery was taken as evidence of prenatal CMV 
infection. 28 of 2032 newborn infants examined had viruria, giving a rate of 1.4% congenital CMV 
infection. The presence of maternal serum antibody therefore appears not to protect the fetus from 
intrauterine infection. Either reactivation of latent maternal CMV infection or recurrence of 
infection during pregnancy despite the presence of serum antibodies may explain these findings. 
Whether the long-term effects of CMV infection acquired in utero differ in cases of primary maternal 
infection from those due to reactivated or recurrent infection in seropositive mothers, remains 
undecided. Thus, the value of a live CMV vaccine to prevent prenatal CMV infection may be 


questioned. 


Cytomegalovirus (CMV) infection is the most 
common congenital infection (Klein ef al., 1976). It 
has been assumed that the virus gains access to the 
fetus mainly during primary infection of the pregnant 
woman (Stern and Tucker, 1973). However, there are 
also reports of prenatal CMY infection in newborn 
infants of mothers who had experienced primary 
CMV infection before pregnancy (Embil et al., 1970; 
Krech et al., 1971b; Stagno et al., 1973). Thus the 
role of maternal immunity in protecting the fetus 
from being infected in utero is not understood. Nor 
is the significance of prenatal CMV infection in 
newborn infants of mothers who are seropositive 
before pregnancy yet established. Therefore, the 
study of the rate of congenital CMV infection in a 
population in which all adults show evidence of past 
CMV infection may lead to a better understanding 
of host immunity to CMY. We have already surveyed 
an African population to determine the prevalence 
of CMY infection as measured by the presence of 
serum antibodies (Krech, 1973). Congenital infection 
was assessed by the isolation of CMV from infants 
within the first hours of delivery. 
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*This study represents phase three within the CMV investiga- 
tion programme of WHO (Krech, 1973) 


Materials and methods 


Five hundred male biood donors attending the 
Centre de Transfusion in Abidjan, Ivory Coast, and 
338 apparently healthy children aged between 4 and 
16 years were serologically screened for comple- 
ment-fixing (CF) CMY antibodies. Blood specimens 
from these children were obtained during routine 
laboratory examinations for parasitic diseases. 2155 
urine samples from babies were collected into urine 
bags within the first 12 hours of delivery. From the 
babies screened for viruria 1038 cord blood samples 
were available for serological testing. Head cir- 
cumference and weight of all babies were recorded, 
and the age and the number of pregnancies of their 
mothers. The mothers had been admitted to the 
hospital just before delivery and most of them 
left the same day with the infant; unfortunately, no 
other controls could be included. 


Serological studies. All sera were stored at —20°C 
until tested for CF antibodies against CMV antigen. 
Twofold dilutions of heat-inactivated serum were 
assayed in microtitre plates in accordance with a 
method - using a glycine-extracted tissue culture 
antigen (Krech eż al., 1971a). An antibody titre of 1:4 
Or greater was considered as evidence of past CMV 
infection. 
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Virological studies. Urine samples were mixed. with 
an equal volume of a transport medium (35% 
scrbitol in Eagle's minimal essential medium 
enriched with 2% fetal calf serum, amino-acids, and 
vitamins) penicillin, streptomycin, gentamicin, kana- 
mycin, and mycostatin were added. These samples 
were stored for up to 7 days at 4°C until shipped by 
air from Abidjan to Switzerland direct without 
refrigeration; they arrived at the institute within 3 or 
4 days. Human fibroblast monolayers were inocu- 
lated with aliquots of urine (Krech et al., 1971a). 
The cultures were kept for at least 7 weeks. For 
further identification the infected cells were observed 
by indirect immunofluorescence staining using a 
human serum with a high CF CMV antibody titre 
(1: 240) and containing no antibodies against herpes 
viruses or adenoviruses when examined by i immuno- 
fluorescence. 


Results 


Serological studies. 1876 sera were available. Of 
these 1395 (74-4%) could be used for assaying CF 
CMV antibodies. 481 samples were anticomple- 
mentary. The prevalence of CMV antibodies in the 
different population groups is shown in the Table. 
At 14 years, the age of the youngest pregnant 
woman in this study, 99-7% of the subjects tested 
were seropositive for CF CMV antibodies, so that 
virtually all women had experienced primary CMV 
infection before pregnancy. In only one cord blood 
out of 702 were CMV antibodies absent. There was 
an unequal distribution of CMY antibody titres in 
the serum samples of the different population groups 
tested (Fig. 1). The highest titres were found in cord 
blood, the lowest in the children aged between 4 and 
8 years. 


Virological studies. Among 2155 urine samples 
collected 123 (5-7%) were either contaminated or 
otherwise toxic to human fibroblasts. CMV was 
isolated from 28 samples giving a rate of 1:45; pre- 
natal CMV infection. Cytopathogenic changes 


Table CF CMV antibodies in different population 
groups 


n* Seropositivet 
No. (%) 
Children 292 269 (92) 
4-8 years 158 143 (91) 
9-16 years 134 126 (94) 
1 ood donors 495 495 (100) 
Cord blood 702 701 (100) 


* Number of serum samples evaluated. tTitre of 1:4 or greater con- 
sidered evidence of past CMY infection. 
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Fig.1 CF CMY antibody titres in different population 
groups. The highest titres are found in cord blood. The 
youngest children show the lowest titres (although the 
incidence of primary infection in this age group is high). 


appeared as early as 10 days or as late as 48 days 
after inoculation. 


Clinical findings. No apparent malformation, overtly 
sick child, or death was recorded among the babies 
examined. There were no differences in the head 
circumferences (CMV + 33-81 + 1-54 cm, n=28; 
CMV— 33-71 + 1:21 cm, n=200; mean + ISD) 
or weights (CMV-- 2995 + 455 g; CMV— 3050 
+ 418 g) between the infected (CMV +) and 200 
randomly selected noninfected (CMV—) infants. 
Head circumferences >1 SD above the mean (36, 
36, 36, and 37 cm) were noted in 4 (14%) CMY + 
babies, whereas in only 6 (39) CMV— babies the 
same findings were observed (5 with 36 cm, one 
with 37 cm head circumference). No microcephaly 
was noted. 

There was an equal distribution of mothers 
delivering CMV excreters compared with mothers 
with babies without viruria as far as age and number 
of pregnancies was concerned. 


Discussion 


In this survey of the rate of congenital CMV 
infection in an African population with a high 
incidence of CMV infection, measured by the 
presence of serum CF antibodies, a rate of 1-477 
prenatal CMV infection was found. Urinary CMV 
excretion within the first 12 hours of delivery was 
taken as evidence for congenital CMV infection, 
and the rate of 1:4% probably somewhat under- 
estimates the true incidence, since failure to isolate 
the virus owing to nonoptimal conditions of sampling 
and delay in posting is likely. 

A comparison with the findings in Switzerland is 
illustrated in Fig. 2 (Krech and Jung, 1971; Krech 
et al., 1971a). It can be seen that there are almost no 
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Fig. 2 CF CMF antibody prevalence and the role of 
prenatal CMY infection in Ivory Coast and Switzerland. 
Prenatal CMY infections are more common in a 
population (Ivory Coast) where all adults show evidence 
of past CMV infection. 


primary CMV infections in the adult African popula- 
tion as measured by the presence of CF CMV 
antibodies. Yet, despite the lack of primary 
CMY infections in adults, the rate of congenital 
CMY infection is much higher in African than in 
Swiss babies. These data together with the observa- 
tions of congenital CMV infections in siblings of 
consecutive pregnancies (Embil et al., 1970; Krech 
et al, 1971b; Stagno et al., 1973) and the recent 
results of Stagno ef al. (1977) seem to indicate that 
the presence of maternal CF antibodies to CMV 
does not protect the fetus from beconting infected. 
Stagno et al. (1977) found that in more than 3:4% of 
babies excreting CMV within the first week of 
delivery, in a selected population, the mothers had 
been seropositive before pregnancy. Congenital 
CMV infection does not necessarily produce con- 
genital CMV disease; CMV infection of the fetus in 
mothers whose primary CMY infection occurred 
before conception may not be clinically significant 
(Krech ef al, 1971b; Stagno ef al, 1973), but 
long-term follow-up will be needed to determine this 
question. While many CMV-infected babies are 
apparently healthy at birth (Starr et al., 1970), late 
sequelae affecting mainly mental deve:opment are 
Observed (Hanshaw et al., 1976) and may be related 
to subclinical encephalitis after CMV infection in 
utero. We also cannot rule out the possibility that 
the slightly increased head circumference in 4 (14%) 
of 28 congenitally infected babies in this study may 
be related to CMV disease. 

Infection of the fetus in mothers who gave sero- 
positive results could be explained either by reactiva- 
tion of latent maternal CMV infection during 
pregnancy, or by reinfection in spite of the presence 
of serum antibodies. Different strains of CMV might 
also be responsible for recurrence of infections 
(Huang ef al, 1976) There are, however, only 


minor antigenic differences between different 
strains of CMV and cross-immunity occurs 
(Andersen, 1970; Weller, 1971). Furthermore, 
genetic and antigenic homology has been demon- 
strated in CMY strains isolated from prenatally 
infected babies and their mothers (Stagno eft al., 
1973, 1977). If primary CMV infection of the 
mother before pregnancy does not protect the infant 
from being infected in utero by CMY, then the value 
of a live CMV vaccine in preventing congenital 
CMV disease must be questioned (Elek and Stern, 
1974). If, on the other hand, the presence of serum 
antibodies could protect against primary CMV 
infection, then immunisation with noninfective 
subunits of CMV, conferring immunity without 
producin ginfection, may be more promising 
(Pagano, 1976). 

‘ In this survey higher CF CMV antibody titres 
were observed in women at the end of pregnancy 
compared with the titres in male blood donors and 
children (Fig. 1). This observation, at present 
unexplained, might be related to alterations of virus- 
host interaction during pregnancy. The role of cell- 
mediated immunity in CMV infections also requires 
further investigation. There is evidence of some 
impairment of cell-mediated immune mechanisms 
in mothers delivering prenatally infected babies 
(Rola-Pleszezynski et al., 1977). 

In conclusion, host immunity to CMV infection 
may be more complex than was previously appre- 
ciated. A better understanding of the immune 
mechanisms may open the way to effective prevention 
of prenatal CMV infection with its toll of mental 
retardation (Weller, 1971; Elek and Stern, 1974). 
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Group B streptococci in pharyngeal aspirates at birth 
and the early detection of neonatal sepsis 
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SUMMARY The pharyngeal aspirates collected from 400 babies at the time of delivery were 
examined for the presence of bacteria, especially group B streptococci. Aspirates from 79 babies 
were found to contain viable bacteria, including 4 with group B streptococci; one of these 4 babies 
developed streptococcal meningitis within 24 hours. The group B streptococci were seen on a 
Gram-stained film of the aspirate, and were detectable by coagglutination and countercurrent 
immunoelectrophoresis within 4 hours and by culture after 24 hours. Examination of pharyngeal 
aspirates may be of value as a screening test for neonatal sepsis. 


It is usual practice to suck the mixture of amniotic 
fluid, prenatal respiratory secretions, and maternal 
vaginal surface material out of the mouth and nose 
of a baby immediately after delivery. This mixture, 
the pharyngeal aspirate, may be useful in the early 
diagnosis of neonatal infection because any bacteria 
present must have been acquired during the first 
or second stage of labour. We report bacteriological 
observations on 400 pharyngeal aspirates examined 
for the presence of group B streptococci. 

Group B streptococcal infection has become an 
important cause of morbidity and mortality in the 
neonate (Hood et al., 1961; Eickhoff et al., 1964) 
and in some reports it is the most important cause 
of neonatal mortality (Yow, 1974). Two types of 
illness have been described (Baker ef al, 1973; 
Franciosi et al., 1973). The early form of infection 
can progress rapidly and cause diagnostic confusion 
with hyaline membrane disease (Ablow ef al.; 1976). 
Between 60 and 75% of the babies die, often within 
48 hours of the onset of infection. As infection can 
Occur so soon after birth it seems probable that the 
baby is infected either in utero or as it passes down 
the birth canal. The standard laboratory methods of 
culture and serological identification of group B 
streptococci may fail to give an answer in time to 
affect clinical management. Serological identification 
of zroup B streptococci can be performed rapidly 
using countercurrent immunoelectrophoresis (CIE) 
(Dajani, 1973; Hill et al., 1975) or coagglutination. 
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In this study these techniques were added to bacterio- 
logical microscopical examination and culture. 


Materials and methods 


All babies studied were born at the John Radcliffe 
Hospital, Oxford, between April and June 1977. 
The pharyngeal aspirates with volumes of between 
0-2 and 15 ml were collected by midwives at the 
time of delivery using a sterile disposable mucus 
extractor (Macrae mucus extractor, Warne Surgical 
Products) as was their usual practice. There was one 
specimen for each child. 156 specimens were stored 
at 4°C and the other 244 specimens at —20°C (for 
reasons related to a different study) until exam- 
ination, which was usually made within 24 hours. 

To assess the effect of the two different storage 
conditions, sterile aspirates were pooled and 
divided into a series of 0-5 ml samples. Overnight 
broth cultures of three representative organismis 
(Staphylococcus albus, Escherichia coli, and group B 
Streptococcus) were inoculated into the samples to 
give a final concentration of approximately 10? 
organisms per ml. Viable bacterial counts were 
performed using a standard loop (0:02 ml) The 
numbers of bacteria were estimated at zero, 6, 24, 
48, and 96 hours in samples stored at 4°C or at 
—20?C, and in one set of samples that were re- 
peatedly thawed and refrozen to —20?C at the four 
times after zero. The group B streptococcus sur- 
vived very well and was resistant to repeated thawing 
and freezing. The E. coli was however adversely 
affected by freezing, being rapidly killed by tbis 
procedure (Figure). 
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Figure The survival of bacteria in pharyngeal aspirates, 
average counts in four specimens of pooled 
aspirate stored. 


Examination of pharyngeal aspirates 


A Gram-stained film was made of each pharyngeal 
aspirate and examined for the presence of organisms 
and polymorphonuclear leucocytes (pus cells). The 
material was cultured aerobically and anaerobically 
on blood agar and on MacConkey agar. All cultures 
were incubated at 37°C for 18 hours and then were 
reincubated for another day if no growth had 
appeared. All organisms isolated were identified, 
using Lancefield’s method to group B-haemolytic 
streptococci (Lancefield, 1933). 

The pharyngeal aspirate was also added to 1 ml 
Todd Hewitt broth and incubated at 37°C for 4 
hours at which time CIE and coagglutination were 
performed, using group B streptococcal antisera. If 
these tests were negative, they were repeated 20 
hours later after making subcultures on to blood 
agar and MacConkey agar. CIE was performed by 
the method of El-Refaie and Dulake (1975) using 
Burroughs Wellcome group B streptococcal antisera. 
Positive and negative controls for both antigen and 


antiserum were included on every slide. Co- 
agglutination was performed on glass slides using 
group B streptococcal antisera combined with 
staphylococci (Phadebact, Pharmacia). If the aspirate- 
broth culture was too mucinous for slide agglut- 
ination, the test was repeated after treating the 
culture with an equal volume of 2% N-acetyl-L- 
cysteine for one hour. 73 aspirates (18-2597) were 
tested by CIE and coagglutination before culture. 
In this case, the aspirate was shaken with an equal 
volume of L-cysteine for 15 minutes before testing. 


Results 


Altogether 400 babies were studied (203 boys and 
197 girls), of whom 265 had had normal deliveries 
and been born within 12 hours of the membranes 
rupturing. The remainder had had at least one com- 
plication of labour (Table 1). There were 6 pairs of 
twins. The birthweights ranged from 1: 80 to 4-73 kg; 
17 babies weighed less than 2-50 kg and 8 babies 
were-born after less than 37 weeks of gestation. 

244 pharyngeal aspirates were frozen and stored 
at —20°C before examination, and 156 were kept at 
4°C. The examination of the Gram-stained films 
showed no pus or organisms in 288 out of the 400 
aspirates. Pus cells alone were seen in 22 aspirates, 
bacteria alone in 75, and pus and bacteria in 15. 
Only 5 aspirates had numerous Gram-positive cocci 
to be seen in microscopical examination, and all 5 
subsequently grew streptococci (4 group B and 1 
enterococcus). 

On culture, bacteria were isolated from 79 (19%) 
aspirates, 72 within 24 hours of incubation (Table 2). 
In 11 of these 79, the presence of these organisms 
was undetected in the Gram-stained film; con- 
versely there were 22 aspirates with organisms seen 
on microscopical examination and no growth on 
culture. The observation of pus cells was not related 
to the culture results. 

Bacteria were isolated from 44 (17% of the 265 
babies born by normal delivery within 12 hours of 
labour, and from 35 (26%) of the 135 babies born 
by abnormal deliveries or after prolonged labour, a 
significant difference (y* = 4:33, df = 1, P < 0-05). 
Most of this difference stems from the high rate of 
isolation (3592) from the babies born within 12 
hours per vaginam with instrumentation, and babies 
with normal deliveries after 12 hours; but the small 
number of babies in some groups and the mixture of 
organisms isolated precluded detailed analysis. 

Four babies were found to have group B strepto- 
cocci in their pharyngeal aspitates. 


Case 1. A term baby boy of 3:40 kg and delivered by 
means of Neville Barnes forceps after the mem- 
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Table 1 


Duration of labour and mode of delivery of 400 babies 





Interval from rupture of membranes to delivery 


Made of delivery 








— 12 hours 12—24 hours >24 hours Total 

Normal vaginal delivery 265 (44) 17 (7) 3 285 (51) 
Forceps 47 (17) 28 (4) 4 (1) 79 (22) 
Ventouse I 2 (2) 1 4 (2) 
Caesarean section 

Elective 10 (2) — — 10 (2) 

Emergency 17 (2) 3 2 22 (2) 
Total number of babies 340 (65) 50 (13) 10 (1) 400 (79) 





Number of babies with bacteria grown from their aspirate is given in parentheses. 


Table 2 Organisms isolated from 400 pharyngeal 
aspirates 





Number of isolates from 


244 samples 156 samples 

Organism stored at —20°C stored at 4°C 
Coagulase-negative 

staphylococci 32 (13-194) 12(7-7%) 
E. coli 4( 1-6%) 9(5-8%) 
Klebsiella sp. 0 1(0-6%) 
Enterococci 4( 1:624) 2(1-374 
Nonhaemolytic streptococci 7( 2-995 1 (0:624) 
Group B streptococci 2( 0.8954) 2 (1:394) 
a-haemolytic streptococci 11( 4-594) 2(1:394 
Cardida albicans 0 2 (1:394) 
Diphtheroids 0 1 (0:657) 


Total number of samples 


with viable organisms 47 (19:395) 32 (20:5 %) 





10 aspirates grew a mixture of coagulase-negative staphylococci and 
either nonhaemolytic streptococci or a-haemolytic streptococci. (3 
aspirates grew a mixture of a-haemolytic and nonhaemolytic strepto- 
cocci). 1 aspirate grew both group B streptococci and E. coli. 1 
aspirate grew both Klebsiella and enterococci. 


branes had been ruptured for 23 hours. The Apgar 
score at 0 minutes was 9/10. Type Ib group B strepto- 
cocci were isolated. The baby remained well until 
his discharge home on the second day. No other 
swabs were taken. 


Case 2. A baby boy of 39 weeks' gestation weighing 
2:89 kg was a breech presentation delivered using 
Neville Barnes forceps to the after-coming head. 
The membranes were ruptured for 14 hours. At 
0 minutes Apgar score was 9/10 and the baby's 
condition was satisfactory. Within 24 hours he had 
developed meningitis, which responded to benzyl- 
penicillin. Type Ib group B streptococci were iso- 
lated from the pharyngeal aspirate, blood, cerebro- 
spinal fluid, nose, skin, and rectum, and the mother's 
vagina. 


Case 3. A term baby girl of 2:66 kg was delivered 
after the membranes had been ruptured for 21 hours, 
following Keilland's rotation. The Apgar score at 
0 minutes was 9/10. Type II group B streptococci 
were isolated. The baby, who was deeply jaundiced, 
was treated with benzylpenicillin. No other swabs 


were taken and the baby was discharged well on 
the eighth day. 


Case 4. A term baby boy of 3:59 kg was delivered 
normally after the membranes had been ruptured 
for 61 hours with an Apgar score at 0 minutes of 
8/10. Type II group B streptococci were isolated, 
no other swabs being taken. The baby remained 
well and was discharged on the third day. 


Coagglutination and CIE for group B strepto- 
cocci were strongly positive after 4 hours in all 4 
cases before the organism was identified on agar 
cultures. Two of these 4 aspirates were positive by 
coagglutination and CIE when tested before inocu- 
lation into broth cultures—that is within an hour 
of receipt of the specimen—but the other two were 
not tested at that time. None of the remaining 396 
babies was known to be colonised by group B 
streptococci or to develop ‘early onset’ infection. 
None of the babies developed a recognised illness 
caused by the other potentially pathogenic organisms 
(enterococci, enterobacteria, and C. albicans) which 
were isolated. 

Enterobacteria were isolated from significantly 
more of the aspirates stored at 4°C (10 out of 156) 
than of those frozen to —20°C (4 out of 244) 
(x? = 5:08, df = 1, P —0-025). In 9 frozen samples, 
Gram-negative rods were seen on microscopical 
examination but failed to grow on subsequent 
culture. This occurred in only 2 aspirates kept at 
anc. 

18 babies were found to have «-haemolytic or 
nonhaemolytic streptococci in their pharyngeal 
aspirates, including 10 who had a mixture of these 
organisms and coagulase-negative staphylococci. 
4 babies with only coagulase-negative staphylococci 
in their aspirates had been born by caesarean 
section, 2 electively and 2 after the membranes had 
ruptured. 


Discussion 


The findings show that the material aspirated at 
delivery from the nose and mouth is usually sterile. 
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Other observers (Kneeland, 1930; Torrey and 
Reese, 1945; Smith and Bloomfield, 1950) have 
shown that there is usually no growth from throat 
swabs taken immediately after delivery, but 
Cornelison ef al. (1946) found that bacteria were 
more common in specimens from babies after 
difficult deliveries. The aspirate may be sterile 
because it collects in the pharynx before delivery 
and because little of the flora of the vagina enters the 
mouth or nose during delivery (Torrey and Reese, 
1944). It is possible that antimicrobial solutions used 
to cleanse the perineum and vagina before delivery 
reduce the number of viable bacteria in the aspirated 
material and amniotic fluid may have antimicrobial 
properties (Galask and Snyder, 1968). 

We considered whether the aspirates could have 
been contaminated by the midwives during col- 
lection, particularly as from 18 aspirates we grew 
organisms that might well have been part of their 
normal mouth flora. However, 20 laboratory staff, 
untrained in nursing techniques, used the mouth 
suction apparatus to aspirate sterile Todd Hewitt 
broth and no contamination occurred. 

Storage of two-thirds of the aspirates at —20°C 
must have affected the overall isolation rate of 
enterobacteria (3:59), and we believe that the 
figure of 5:8% isolated from the 156 unfrozen 
specimens is the better estimate of the actual preva- 
lence. On the other hand, group B streptococci 
survive well under both conditions of storage, so 
that a collection of aspirates stored at —20?C for 
other purposes could be examined for these bacteria. 
Our methods did not include special media for 
lactobacilli, which may partly explain their absence 
from our findings. However, Gram-positive bacilli 
were rarely seen on microscopical examination, and 
never in large numbers. l 

It has been reported that ‘early onset’ disease 
caused by group B streptococci is associated with 
low birthweight, prolonged rupture of the mem- 
branes, and congenital abnormalities (Eickhoff et al., 
1964; Bergavist et al., 1971). However, many of the 
babies who develop fulminating infection have no 
such predisposing factors, and most babies colonised 
by group B streptococci remain well. On the one 


hand, 3% of babies have group B streptococci in ` 


the external ear, on the skin, or in the nose soon 
after birth (Ferrieri et al., 1977). On the other hand, 
the reported incidence of group B streptococcal 
disease in the newborn is between 1 and 3 per 1000 
live births (Baker and Barrett, 1973; Howard and 
McCracken, 1974). A method for the early de- 
tection of group B streptococcal infection might 
assist in the prevention of this important neonatal 
disease. Other materials have been examined for an 
early diagnosis of neonatal sepsis: gastric contents 


(Blanc, 1961; Ramos and Stern, 1969; Yeung and 
Tam, 1972), umbilical cord tissue (Bernischke and 
Clifford, 1959; Overbach et al., 1970), and external 
ear contents (Scanlon, 1971). Although Mims et al. 
(1972) suggested that an analysis of the gastric 
contents was no more helpful than clinical criteria 
in selecting infants at high risk of infection, 
Echeverria (1973) and Ablow et al. (1976) found 
that Gram-stained films of gastric aspirates could 
assist in the diagnosis of established streptococcal 
disease. It may become possible to identify those 
babies at risk by measuring maternal antibodies 
(Baker and Kasper, 1976) and so concentrate 
preventive measures on high risk groups. In the 
management of babies at special risk of neonatal 
sepsis, it would be suspected that bacteria in the 
respiratory tract at the time of the first inhalation 
would be more likely to’ casuse systematic disease 
than those on the skin. Pharyngeal aspirates have 
not previously been investigated as a possible means 
of making an early diagnosis of group B strepto- 
coccal infection. As the material is already collected 
routinely into sterile containers, it would be a 
convenient specimen to examine (instead of dis- 
carding it as at present). As we have shown, group 
B streptococci were present in large numbers in 
the pharyngeal aspirates of 1% of our series of 
babies, and can be detected in broth cultures within 
4 hours of incubation. We are not certain of the 
pathological significance of this observation as our 
technique cannot distinguish carriage from epithelial 
invasion. We believe that the predictive value of 
these and related questions about cost-benefit can 
be determined only if pharyngeal aspirates are 
examined in future studies of group B streptococcal 
disease and other neonatal infections. Selective 
media for group B streptococci may not increase the 
yield of this organism because most of the aspirates 
were sterile. CIE and coagglutination are probably 
too' time-consuming to apply on a large scale but 
the Gram-stained film would be a cheap and quick 
method for screening a large number of specimens. 
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Effects of delivery by caesarean section on lung 
mechanics and lung volume in the human neonate 


A. D. MILNER, R. A. SAUNDERS, AND I. E. HOPKIN 
From the Department of Child Health, University Hospital and Medical School, Nottingham 


SUMMARY Lung function tests were carried out in the first 6 hours of life on 26 babies born by 
vaginal delivery and 10 born by caesarean section. The babies born by caesarean section had a 
mean thoracic gas volume of only 19-7 ml/kg body weight compared with 32:7 ml/kg for the 
babies born vaginally. We conclude that this is owing to an excess of lung fluid in the babies born 


by caesarean section. 


It is well established that during vaginal delivery 
the infant’s thoracic cage is subjected to considerable 
external compression which tends to express lung 
fluid from the infant’s nose and mouth. Karlberg 
et al, (1962) measured intrathoracic pressure changes 
rising to as high as 9-0 kPa (90 cm H.O). In a 
recent study we found that the intrathoracic 
pressure as measured by a water-filled catheter in 
the oesophagus may rise by as much as 16 kPa 
(160 cm H,O) during the delivery of the thorax 
and that this may be associated with a reduction 
in lung volume of up to 35 ml (Saunders and 
Milner, 1977, unpublished). It has been assumed 
that the infants born by caesarean section are 
placed at a disadvantage through not experiencing 
thoracic compression, and that this may partly 
explain the increased morbidity and mortality often 
associated with this type of delivery (Benson ef al., 
1969; Butler and Alberman, 1969; Hack et al., 1976). 
It is probable that when the gestational age is > 37 
weeks elective caesarean section does not predispose 
to the respiratory distress syndrome (Usher et al., 
1971). In preterm babies it has proved difficult to 
separate the influences of asphyxia, immaturity, and 
delivery by caesarean section on the incidence of 
respiratory distress. Attempts have been made to 
“mimic vaginal compression by giving ergometrine 
before the delivery of the shoulders and the trunk 
through the uterine incision, apparently with .im- 
provement in perinatal mortality (Reis et al., 1970). 

Surprisingly there is a dearth of data on the effect 
of delivery by caesarean section on lung function in 
the immediate postnatal period. Two studies have 
shown that the crying vital capacity is reduced in 
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babies born by caesarean section compared with 
those born vaginally (Chiswick and Milner, 1976; 
Brice and Walker, 1977). Other studies on blood 
gas changes in the hours after elective caesarean 
section suggest that these babies had higher arterial 
CO, and hydrogen iron concentrations but that 
their O, tensions surprisingly were virtually identical 
with babies born vaginally (Kjellmer et al., 1974; 
Magno et al., 1975, 1976). The aim of this project 
was to determine whether vaginal compression has 
any measurable effect on lung mechanics and lung 
volumes in the hours after birth, by comparing 
results on babies born by caesarean section with 
those born vaginally. 


Method 


- All measurements were carried out in a specially- 


constructed, 48-litre, cylindrical, total body plethys- 
mograph, in which babies were nursed in the right 
lateral position. Except during periods of shutter 
closure there was a continuous bias flow of air 
through the face mask at the rate of 3 I/min. The 
gases were conducted across a pneumotachograph, 
through a shutter system, and out through a port 
in the side of the plethysmograph. Lower oeso- 
phageal pressure was simultaneously measured using 
a thin-walled, latex balloon mounted on a 6 FG 
feeding catheter. All the signals were relayed via 
an amplification system to a four-channel FM 
recorder. Further details of the apparatus are given 
in previous publications (Saunders et aL, 1976; 
Milner et al., 1977). 

Using this system we were able to measure tidal 
Volume (V+), respiratory frequency (f), expiratory 
minute volume (V4) and, by simultaneous analysis 


545 


546 Milner, Saunders, and Hopkin 


of the pressure, volume and flow traces, the dynamic 
compliance (Cp), and midvolume total pulmonary 
resistance (TPR) (Cooke et al., 1957). The thoracic 
gas volume (TGV) was measured by relating the 
intrapulmonary pressure changes to the plethysmo- 
praphic volume changes during periods of shutter 
closure for up to 10 seconds (DuBois et al., 1956; 
Auld et al., 1963). At least 6 breaths were studied 
for each parameter and the mean values were then 
ca'culated. 


Subjects 


Two groups of babies were studied. Group I com- 
pried 26 babies born by vaginal delivery. Two 
were breech presentations requiring forceps delivery. 
Forceps were used on 2 other occasions: once for 
fetal distress in the second stage and once for 
maternal distress. All were at term (mean 39-7, 
range 38-41 weeks) with a mean birthweight of 
3-12 kg (range 2-00-3-9 kg). One of the babies 
born by breech required intubation at 2 minutes, 
and another, born by unassisted vertex delivery, 
was intubated at 4 minutes. Both responded rapidly 
to intermittent positive pressure ventilation and 
were extubated within 5 minutes. Group 2 comprised 
10 babies born by caesarean section. Their gesta- 
tional ages ranged from 37-40 weeks (mean 39-1) 
and their birthweight ranged from 1:80 to 3-93 kg 


(mean 3:25 kg). The reasons for caesarean section 
and the anaesthetic agent given to the motber are 
shown in Table 1. Ergometrine was given intra- 
venously as soon as the baby had been lifted out of 
the uterine cavity. The cord was clamped with the 
baby at approximately the same level as the mother's 
uterus. Three of the babies required intubation at 
the stages of 1, 2, and 4 minutes respectively. None 
was severely asphyxiated and all responded rapidly 
to resuscitation. All babies were studied between the 


. ages of 14 and 6 hours. The mean age for group 1 


was 3:8 hours and that for group 2 babies at the 
time of study was 3-95 hours. One of the group 2 
babies was studied at both 2 and 5 hours of age. 
After the initial resuscitation none of the babies had 
any clinical evidence of cardiac or respiratory 
disease and none required oxygen. Chest circum- 
ference was measured at the midsternal point. 

Informed maternal consent was obtained on all 
occasions and the project was submitted in advance 
and passed by the local ethical committee. 


Results 


Although V4, Vz, and Cp tended to be lower and 
TPR» higher in the babies born by caesarean section, 
these differences did not reach statistical signifi- 
cance (Table 2). Striking differences, however, were 
apparent in the thoracic gas volume measurements 


Table 1 Indications for caesarean section (LSCS), anaesthetic used, and resuscitation required in the 10 babies in 


group 2 
Case Indication for LSCS Anaesthetic for LSCS Resuscitation 
1 Fetal distress Epidural—thiopentone, nitrous oxide -+ oxygen Intubated at 1 minute for low 
fetal heart rate 
2 Disproportion Epidural Oropharyngeal suction 
3 Breech presentation, Failure to progress — Epidural Intubated at 4 minutes for 
: inadequate respiratory efforts 
4 Pre-eclamptic toxaemia Thiopentone, nitrous oxide + oxygen Intubated at 2 minutes for 
inadequate respiratory efforts 
5 Maternal diabetes Thiopentons, nitrous oxide -+ oxygen Oropharyngeal suction 
6 Breech in elderly primagravida Thiopentone, nitrous oxide + oxygen Oropharyngeal suction 
7 Pre-eclamptic toxacimia Thiopentone, nitrous oxide + oxygen Oropharyngeal suction 
8 Falling placental function Thiopentane, nitrous oxide + oxygen ropharyngeal suction 
9 Breech. Small maternal stature Thiopentone, nitrous oxide + oxygen Oropharyngeal suction 
0 Disproportion and failure to progress Epidural, nitrous oxide + oxygen Oropharyngeal suction | 


Table 2 Respiratory rate (f), total volume (TV), minute volume (Vg), dynamic compliance (C p); total pulmonary 
resistance (TP.Rso), and thoracic gas volume (TGV) in 26 babies born vaginally, and 10 babies studied on 11 occasions 
born by caesarean section. The mean and + 1 SD is shown for each group 





f TV Vs Cp TPR 50 TGV 
(/min) (ml) (nl {min) (nl/kPa) (kPajl per 2) (mljkg body weight) 
Group 1 44.5 15.9 706-1 5-70 43.2 32-7 
born vaginally (10-5) (4-4) (329) (3-52) (25-2) (8-9) 
Group 2 42-0 13.8 609.5 4.45 46-7 19-7 
born by caesarean section (11-3) (3-84) (197) (1-88) (34-2) (4-75) 
Significance (P) — 0.13 0.10 Q-10 — «0.0001 
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(Figure). The mean TGV after vaginal delivery 
was 32-7 ml/kg (SD + 8-9); after caesarean section 
it was only 19-7 ml/kg (SD 4 4-7). The difference 
between the two groups was highly significant 
(P < 0:0001). The two babies born by breech delivery 
had TGVs of 24-5 and 24-2 ml/kg respectively. 
However, chest circumferences were the same in 
both groups (group 1 mean 31-8 cm SD + 2-5; 
group 2 32-3 em SD + 2:6). 


Discussion 


As anticipated the babies born by caesarean section: 


had stiffer lungs and higher total pulmonary 
resistance, but lower tidal and minute volumes 
compared with those born vaginally. Surprisingly 
the respiratory rates were virtually identical in the 
two groups. These differences, however, were small 
and did not reach statistical significance. The TGVs 
at functional residual capacity were much lower in 
the babies in group 2 than in those born by vaginal 
delivery. There are two possible explanations for 
this. The first is that the anaesthetic agents used at 
caesarean section may have led to a fall in total 
thoracic volume. Recent work on lung expansion at 
birth (Milner et al., 1977), studies on the effects of 
continuous distending pressure on lung mechanics 
and lung volume (Saunders et al., 1976), and studies 
on fresh stillborn infants, indicate that muscle tone 


is of considerable importance in the maintenance of, 


the stability of the chest wall. From these findings 


60 o Coesarean section 
e Vaginal delivery 


9 
€ " . ^ 
— 40 3 $ uw» ° 
z - 2E 
$ 3 a 
S 30 : * 8. 
3 2 - . 
A = 
0 
B | : o oO Š ox 
© o 
10 
0 er 
1 2 3 4 5 6 
Hours after birth 


Figure Thoracic gas volume per kg body weight (TGV) 
related to postnatal age in 26 babies born vaginally and 
10 babies born by caesarean section. One baby born by 
caesarean section was studied on two occasions (*). 


we would expect that any agent that reduces respira- 
tory muscle tone leads to a reduction in overall lung 
volume. 

The second explanation is that infants not 
exposed to vaginal compression will have excessively 
high volumes of interstitial and alveolar fluid for 
the first few hours of life, so that although TGV will 
be reduced, the overall thoracic volume will be 
within the normal range. Chest circumference 
Measurements were identical in both groups, 
favouring this second explanation. It is also interest- 
ing that the 2 babies born by breech delivery had 
relatively low TGVs, since expulsion of lung fluid 
is less likely to be as efficient in this mode of delivery. 
Whether this waterlogging is important remains 
unknown, but it would not be surprising if this 
situation led to a rise in respiratory rates with or 
without grunting, presenting a clinical picture of 
mild respiratory distress. When surfactant is also 
deficient this waterlogging may be of greater clinical 
significance. 

It is also well known that the time of the cord 


‘clamping has an important effect on breathing 


pattern and lung mechanics in the immediate 
neonatal period. It has been shown that, provided 
the baby is nursed at approximately the same level 
as the mother until the cord is clamped, the circu- 
lating blood volume will not differ from that found 
in babies born vaginally (Sisson ef al., 1973). It has 
been suggested that pulmonary perfusion may be 
important in the maintenance of the lung volume 
immediately after delivery (Avery ef al., 1958). 
However, if the TGV were low owing to a reduction 
in blood volume and pulmonary perfusion, this 
again would be reflected in the chest wall circum- 
ference. 

. The time required to clear the excess fluid from 
the lungs has yet to be evaluated. Interestingly two 
babies in group 2 at 5 to 6 hours of age had TGVs 
of 31-5 and 27:1 ml/kg, suggesting that the difer- 
ences may last only for a few hours. It is well 
established that after birth there is a steep increase 
in lymphatic drainage from the lungs and that this 
route, in addition to the pulmonary capillary bed, 
is important in the clearance of excessive lung fluid 
within a few hours of birth (Humphreys et al., 1967). 
It may be that these mechanisms are sufficient to 
clear the large volume of fluid present in the lungs of 
babies born by caesarean section within 6 hours of 
birth. 

Our conclusions from this study are that in the 
first few hours of life babies born by caesarean 
section at term have overall lung volumes similar to 
those born by vaginal delivery, but that the liquid 
volume is increased and the gaseous component 
decreased. This finding would explain the increased 
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incidence of mild, transient, respiratory signs in 
these babies. 


Financial support for this project was gratefully 
received from Action Research for the Crippled 
Child. 
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Percutaneous catheterisation of the radial artery in 
newborn babies using transillumination 
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Hospital and Neonatal Unit, Rotterdam, The Netherlands 


SUMMARY A technique for inserting radial artery catheters percutaneously in newborn babies using 
transillumination is described. Catheterisation was successful in 69%, of the 107 babies in whom it 
was attempted. In the last 30 attempts there was an 85% success rate with an average useful life of 
100 hours. The average weight of these babies was 1405 g, with a range of 620-4250 g. The method 


has several advantages over previous methods. 


A rapid, simple, and safe method of cannulating 
the radial artery percutaneously in newborn babies 
is described. Early results with this technique have 
been reported previously (Pearse, 1977). 


Apparatus 


A rubber oxygen funnel cut down to a diameter of 
2 cm (Fig. 1) is attached to the end of a fibreoptic 
bundle, connected to a variable intensity, cold light 
source (American Cystoscope Makers Inc., ACMI 
95A). This apparatus is also used for transilluminat- 
ing the skull and for the rapid detection of pneu- 
mothoraces (Kuhns ef a/., 1975). 


PG ee 





Soft rubber funnel 


Metal tube protecting end 
of fibre bundle 


— ———— Fibreoptic bundle 


Fig. 1 Diagrammatic representation of the distal end 
of the fibreoptic bundle. 
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The catheter is an Abbocath 22G, made of soft 
Teflon mounted on the outside of a hollow metal 
stylet. The stylet is fixed to a clear plastic chamber 
which has a filter permeable only to air at the 
opposite end, so that blood is able to flow back up 
the stylet and into, but not out of, the chamber. 
After successful insertion, the catheter is attached to 
a piece of clear plastic extension tubing 7 cm long 
(volume 0:2 ml) with an inbuilt 3-way stopcock 
(Viggo 4041-0). 


Method 


The forearm of the baby is held, ventral surface 
uppermost, between the index and middle fingers of 
the operator's left hand (Fig. 2). The baby's hand is 
held slightly dorsiflexed by the operator's thumb 
(over-extension of the hand causes reduced flow 





Fig. 2 Position of the operator's left hand, holding 
the baby's right arm and the transillumination funnel. 
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through the radial artery and makes the procedure 
more difficult). The rubber funnel is held between the 
middle and ring fingers against the dorsal surface of 
the baby’s wrist. From the ventral side it is possible 
to see the radial and ulnar arteries in the lower 
forearm and wrist, as dark lines against a bright, 
trensilluminated, background (Fig. 3). It is not 
usually necessary to darken the room to see these 
quite clearly. The arteries may be differentiated from 
the veins in this region because the latter move with 
the skin, whereas the arteries are fixed. 

After identifying the two arteries, the wrist is held 
firmly on the radial side and the blood squeezed out 
of the hand. If the colour returns rapidly to the 
hand while pressure is maintained over the radial 
artery it is safe to assume that the collateral circula- 
tion in the hand is sufficient (Allen, 1929) and that 
the catheterisation may proceed. 

The wrist is cleaned with an icdine/alcohol 
solution and this is washed off with chlorhexidine in 
alcohol and allowed to dry. Holding the funnel 
beneath the wrist in the manner described, an 
Abbocath is advanced slowly, under direct vision, 
in the direction of the radial artery at an angle of 
about 20° until blood can be seen in the clear plastic 
chamber. The Abbocath is then advanced a further 
hal? mm (to bring the tip of the Teflon catheter into 
the arterial lumen) and then, while advancing the 
Teflon catheter slightly with thumb and index finger, 






the stylet is slightly withdrawn using the middle 
finger against the palm. The Teflon catheter can now 
be pushed with ease up the artery and the stylet 
completely withdrawn, placing the index finger of 
the left hand over the radial artery, just proximal 
to the tip of the catheter, to prevent blood loss. 

The catheter is now attached to the extension 
tubing, which has been previously filled with saline 
containing 5 units heparin/ml. Blood is allowed to 
run back into the plastic tubing and the system is 
checked for air bubbles. The catheter is flushed with 
the heparin solution and the tap turned off towards 
the patient. The catheter is fixed to the skin using a 
narrow piece of sticking plaster (approximately 3 mm 
wide) placed adhesive side uppermost under the 
catheter and then crossed over the catheter and 
stuck to the skin of the forearm to form a V-shape, 
with the point of entry of the catheter in the skin at 
the apex of the ‘V’. The entry point is sprayed with a 
plastic spray (for example Nobecutane). The arm is 
splinted and the hand fixed to the splint so that the 
fingers and thumb can be clearly seen (Fig. 4). 
Rubber stoppers (Braun, 23751) are attached to the 
side holes of the 3-way stopcock and samples are 
withdrawn by piercing these with a 23 G needle 
attached to a 1 ml syringe, preferably a glass one. 
All connections in the system are made by Luer 
locks to lessen the risk of accidental detachment and 
subsequent haemorrhage. 


PALM 


— SUPERFICIAL VEINS 


— RADIAL ARTERY 


— ULNAR ARTERY 


FOREARM 


Fig. 3 Radial and ulnar arteries as seen by transillumination of the wrist. Their outline is blurred because they lie 


deep and the light is dispersed by the overlying tissues. 
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Fig. 4 


Results 


Radial artery catheterisation was attempted in 107 
babies. In 74 (69%) of these it was successful, and 
their average weight was 1466 g (range 620 to 
4250 g). (There was an 85% success rate in the last 
30 attempts as the five neonatologists become more 
adept at the technique. The average weight of these 
babies was 1405 g.) 

The catheters so placed had an average useful life 
of 70 hours, with a range of 10 to 240 hours. The 
majority (69°%) were removed because it was no 
longer possible to obtain a sample through them. 
Why this was so is not clear as it was generally 
still possible to obtain the typical arterial blanching 
pattern of the skin on flushing the catheter. Presum- 
ably this is because there is a clot just proximal to 
the catheter tip which acts as a ball valve, or because 
of arterial spasm. No catheter contained a clot when 
it was removed. In 7% of cases the catheter had to 
be removed because blood was leaking from around 
the catheter. In 18 (24%) of cases the catheter was 
removed because it was no longer necessary, either 
because the condition of the baby had improved so 
it was no longer necessary to monitor blood gases 
(12 (1675) babies) or because the baby had died (6 
(8%) babies). 


Method of fixation of the catheter and of splinting the arm. 


All catheter tips were cultured after removal. In 
two cases Staphylococcus epidermidis was grown, 
but in neither baby was this associated with overt 
clinical disease. The remaining 72 cultures were 
sterile. A pustule developed on the ventral surface 
of the wrist of one baby 10 days after the removal of 
the catheter. It appeared from its location to be more 
probably related to an intravenous infusion, inserted 
some days after the removal of the catheter, and 
removed 3 days previously. Staphylococcus aureus 
(coagulase positive) was cultured from the lesion. 

Complications have been slight. In 5 babies, 
ecchymoses developed in the skin of the anterior 
aspect of the forearm. These all occurred early in the 
series and may have been associated with over- 
enthusiastic flushing of the catheter. In 2 babies, 
each with systolic blood pressure below 25 mmHg, 
the circulation in the hand gave cause for concern 
shortly after the catheter had been inserted, but 
within 2 minutes the circulation had improved 
spontaneously without the catheter being removed. 
One baby developed a white thumb 20 hours after 
insertion of the catheter. The catheter was removed 
and the circulation in the hand rapidly returned to 
normal. This was thought to be due to spasm caused 
by prolonged manipulation in an attempt to obtain 
a sample. 
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Radial artery catheters have been in regular use in 
this unit since August 1976, and as yet, no long-term 
complications | have been seen. Follow-up of these 


babies is planned, with particular reference to sub- 


sequent growth and function of the forearm and 
hand and to the return of the pulse in the radial 
artery. 


Discussion . 


Monitoring of Po, in arterial blood is an essential 
part of the management of the seriousiv ill newborn 
baby. Traditionally this has meant sampling blood 
from the abdominal aorta via an umbilical artery 
catheter, which has great disadvantages. It is 
becoming increasingly apparent that this procedure 
has a fairly high rate of complications, particularly 
with regard to infection and thromboembolism. 
Krauss et al. (1970) reported a contamination rate of 
55% for umbilical arterial catheters. Thrombosis, 
with or without embolism, occurs in up to 95%, 
regardless of the duration of catheterisation accord- 
ing to ‘Neal ef al. (1972). Most authors quote 
rates of between 8:8 and 59% (21.% Cochran et al., 
1968; 12% Wigger et al, 1970; 8:8% Egan and 
Eitzman, 1971; 237; Tooley, 1972; 59% Tyson et al., 
1975). More unusual complications include para- 
plegia (Krishnamoorthy et al, 1976) intestinal 
perforation (Hoekstra ef al, 1977), septic osteo- 
arthritis (Knudsen and Petersen, 1977), false aortic 
aneurysm (Malloy and Nichols, 1977), and in the 
long term, hypertension (Plumer et al., 1976). The 
sample obtained by this route may also be a poor 
reflection of the blood going to the brain and retina 
because of right-to-left shunting through the ductus 
arteriosus (Roberton and Dahlenburg, 1969). Nor 
is it possible to insert an umbilical artery catheter 
after the first few days of life. 

In the search for better sites from which to sample 
arterial blood, most authors have concentrated on 
the superficial temporal and radial arteries. Early 
experience with multiple puncture techniques in 
these arteries has been reported by Thomsen (1964), 
Bucci ef al. (1966), Shaw (1968), and Wunderlich 
and Reynolds (1972). There is general agreement that 
haematoma formation at the puncture site is a 
common complication. While this is not a great 
problem in the case of the temporal artery, because 
a relatively long segment of the artery is available 
for puncture, the radial artery is available for 
puncture only over a short distance. Haematoma 
formation makes subsequent puncture considerably 
more difficult. A further argument against multiple 
` puncture techniques is that the sample obtained is 
probably a poor indication of the situation pertaining 
before the procedure was begun, particularly if 


difficulty was experienced in obtaining the sample 
(Dangman et al., 1976). 

Access to the temporal artery is maderstely easy 
during ventilator therapy, but it is more difficult to 
obtain a meaningful sample while the baby is 
breathing spontaneously in an oxygen-enriched 
atmosphere. These problems are largely overcome by 
the use of indwelling catheters in the temporal artery 
(McGovern and Baker, 1968; Gauderer and Holger- 
sen, 1974). However this requires a surgical cutdown 
procedure on the artery, with or without arterial 
section, and involves the child in much handling. 
Excellent results have been described by Au- Yeung 
et al. (1977) of percutaneous catheterisation of the 
temporal arteries but it is difficult in the first 24 
hours of life because of scalp oedema. 

A surgical cutdown procedure has also. been used 
for the placement of radial artery catheters (Bartlett 
and Munster, 1968; Roberton and Dahlenburg, 1969; 
N. R. C. Roberton, personal communication, 1977) 
with its attendant risks of vessel loss and infection plus 
theharmful effects of prolonged handling on the baby. 
Percutaneous radial artery catheterisation avoids 
these problems. In a series of 20 patients reported by 
Adams and Rudolph (1975) only one failure occurred: 
however the mean weight of this group was 
2:534 g and the smallest weighed 1418 g. In the series 
of 72 neonates described by Todres ef al. (1975), 
percutaneous cannulation was successful in 73%: 
the average weight of these babies was not given 
but the range was 1100 to 4000 g. Neither article 
reported any major complications other than 
haematoma formation. If the right radial artery is 
catheterised, then the sample obtained is preductal 
and can be removed without disturbing the baby. If 
a Gairdner box (Warley and Gairdner, 1962) is 
being used to administer extra oxygen, then the 
sample can be withdrawn without altering the con- 
centration of oxygen in the inspired air. Trans- 
illumination makes radial artery catheterisation a 
rapid and simple procedure even on the smallest 
babies, which in practised hands can be completed 
within two minutes, thus shortening the time taken 
while handling the baby and lessening the subsequent 
fall in arterial Po,. 

‘No continuous infusion was used to keep .these 
catheters open because it was felt inadvisable to use 
any fluid other than 0-954 saline (Enger et al., 1976) 
and the sodium load of a continuous infusion was 
considered to be too great, particularly for the smaller 
babies. In adults, percutaneous radial artery catheter- 
isation has been found to be safe and reliable (Brown 
et al., 1969; Gardner et al., 1974), although, cerebral 
embolism secondary to flushing of these catheters 
(Lowenstein et al., 1971), and necrosis of the skin of 
the forearm (Wyatt et al., 1974) have been described. 
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These complications can probably be avoided by 
careful attention to quantity and speed of flushing. 
In spite of a high incidence of temporary radial 
artery thrombosis, necrosis of fingers or: thumb 
appears to be rare (Downs et al., 1973; Bedford and 
Wollman, 1973) and can probably be prevented by 
first identifying the ulnar artery using transillumina- 
tion, as it is said to be deficient in 6% to 12% of 
patients (Hollinshead, 1958, cited by Adams and 
Rudolph, 1975), and by careful performance of the 
Allen test (Allen, 1929). In contrast to the experience 
in adults, no major or irreversible complicate. has 
been seen in these babies. 

The useful life of radial artery ‘catheters has 
become progressively longer in this hospital. If the 
number of patients is divided chronologically into 
four approximately equal groups, the useful life 
of the catheter has been 38, 59, 89, and- 100 hours. 
This can partly be explained by improvements in the 
method. The size of the catheter has been reduced. 
The original catheter used was an Abbocath 20G 
which, because of its size, probably caused over- 
distension of the radial artery, particularly in the 
smaller babies, with intimal damage and subsequent 
thrombotic problems, aithough these were not seen 


clinically. Early in the series, a 3-way stopcock was-' 


attached directly to the end of the catheter. Removal 
of a sample inevitably caused movement of the 
catheter in the artery and further intimal damage and 
arterial spasm. Experience has also emphasised the 
importance of beginning withdrawal of the sample 
slowly to avoid sucking the wall of the artery on to 


the catheter tip; this often results in arterial spasm 


and failure to obtain a sample. 

Once the flow has started, surprisingly high rates 
can be obtained (up to 10 ml minute) and two babies 
have each received two exchange transfusions, 
withdrawing blood from the radial artery and inject- 
ing blood through an Abbocath in a peripheral vein. 
Radial artery catheters have also been used success- 
fully to monitor the blood pressure continuously in 
some of these babies. 

Percutaneous radial artery catheterisation is 
therefore a fairly easy technique using transillumina- 
tion. Catheters so inserted can perform most of the 
functions demanded of an umbilical arterial catheter 
and have several advantages over other methods of 
obtaining arterial blood in sick babies. 


I thank Professor H. K. A. Visser and Professor 
J. W. Scopes for advice; Dr J. W. Mettau, Dr R. 
Spritzer, Dr P. J. J. Sauer, Dr C. M. A. Bijleveld, 
and Dr W. P. F. Fetter for help in the development 
of this technique; and the nursing staff of the intensive 
care unit. 
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Note added in proof: Since submitting this paper we 
have successfully catheterised the radial artery in a 
further 76 babies. There have been no complications. 
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Effect of heat treatment of human milk on absorption 
of nitrogen, fat, sodium, calcium, and phosphorus 
by preterm infants 


S. WILLIAMSON, E. FINUCANE, H. ELLIS, AND H. R. GAMSU. 
From the Department of Child Health, King's College Hospital Medical School, London 


SUMMARY Seven very low birthweight (<1.3 kg) preterm infants, aged between 3 and 6 weeks 
were fed raw, pasteurised, and boiled human milk for 3 consecutive weeks. Serial metabolic balance 
techniques were used to assess the absorption and retention of calcium, phosphorous, sodium, 
and nitrogen, and the absorption of fat. Fat absorption was reduced by approximately one-third 
when raw milk was heated. It is suggested that the improved fat absorption from the raw milk 
may be related to the preservation of milk lipases. A reduction in the amount of N retained was 
also noted when the infants were fed boiled milk. There were no obvious differences in the absorption 
of N or the absorption and retention of Ca, P, and Na between the three milks. All infants gained 
weight most rapidly during the week in which they were fed raw milk. The mean weight gain during 
this time was approximately one-third greater than that during similar periods when pasteurised 


or boiled milk was administered. 


The ideal nutrition for the very low birthweight 
(«1-5 kg) preterm infant has yet to be defined. 
Once premature delivery has occurred it is difficult 
to achieve the weight gain and physical proportions 
of a fetus of corresponding postconceptual age. 


Using milk for this purpose is made difficult by ' 


several factors. Large volumes of milk are poorly 
tolerated, intestinal absorption is limited, and there 
are restrictions on the renal excretion of a solute 
load. Human milk, although resulting in favourable 
calcium and fat absorption compared with many 
modified cows’ milk preparations (Zoula et al., 1966; 
Shaw, 1976), seems to be deficient in at least protein, 
calcium, some vitamins, and iron (Stearns, 1939; 
Davies, 1977; Fomon et al., 1977). However, there 
is at present little evidence to show that other milks 
available in „this country are preferable to breast 
milk for such infants. 

Many of the factors that influence paediatricians 
to recommend breast feeding for term infants 
(Addy, 1976), are of equal if not greater importance 
in the preterm infant. However, unlike its term 
counterpart the preterm infant usually receives 
human ‘milk only after it has been ‘sterilised’ by 
some form of heat treatment. It has not yet been 
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established whether heating human milk affects 
the nutrition of the infant. This study was designed 
to investigate this. To discover how breast milk is 
commonly prepared for use we conducted a survey 


of 38 neonatal! units. 30 units were found to heat at 


least a part of their breast milk supply before 
feeding it; 4 used a form of pasteurisation (usually 
63°C for half-an-hour); in the remainder, the milk 
was boiled. It was therefore considered relevant to 
compare raw (unheated), pasteurised, and boiled 
human milk. 


Patients and methods 


Each of the 7 infants chosen as subjects for the 
investigation had been admitted to an intensive 
care unit. Each weighed 1:3 kg or less at birth and 
had a gestational age of 33 weeks or less (Table 1). 
Gestational ages were assessed from the date of the 
last menstrual period, if this was accurately known; 
otherwise the assessment was based on a paediatric 
examination (Dubowitz ef. al, 1970). Case 7 
developed an aspiration pneumonia requiring treat- 
ment with antibiotics and intermittent positive | 
pressure ventilation at 3 weeks of age, one week 
before the start of the study. The remainder had 
had no serious illness before the study. Six infants 
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Table 1 Details at birth of infants studied and order in which milks were fed 





Case no. Sex Birthweight Gestational age Birthweight Milk order 
m (kg). (weeks) centile* 

1 F 1-11 30 10th B/R/P 

2 F 13 > 32 10th P/R/B 

3 M 1-17 30 10th B/P/R 

4 F 1:24 30 25th R/B/P 

5 M 1-00 27 50th R/P/B 

6 F 1-06 33 <10th P/B/R 

7 M 1-06 30 10th’ R/P/B 

R = raw milk; P = pasteurised milk; B == boiled milk. * Lubchenco et al. (1963). 


were patients in the neonatal intensive care unit at 
King's College Hospital, a seventh was studied in a 
similar unit at St Thomas's Hospital. 


Methods 

Design of the study. The study was designed so as to 
elirninate, as far as possible, differences in absorption 
and retention related to the differences in size, 
maturity, and postnatal age of the infants. Each of 
the three milks—raw, pasteurised, and boiled— 
was fed to each infant for one of three consecutive 


weeks. Each infant (except Case 7) received the 


three milks in a different order to take into account 
the six possible sequences of the three milks. The 
infants were weighed daily and metabolic balance 
studies were performed during the last 2 days of 
each week. The order in which the milks were fed to 
Case 7 was duplicated by that of Case 5 as it was 
considered that the results obtained from Case 7 
could well have been affected by the infant's poor 
clinical condition shortly before the study (the data 
from Case 7 are listed in Table 9 but are not in- 
cluded in the statistical analyses). 

Each, infant was fed boiled human milk ion 
birth, as at the time of the study this was the form 
of milk routinely used in our unit. Each study was 
started when the infant weighed approximately 
1:3 kg and had established a consistent gain in 
weight. This.varied between 21 and 42 days. A 


differences in the infants' weights, ages, or milk 
intakes between the three groups. The order in 
which the milks were fed is shown in Table 1. 


Milk. Mature human milk was collected by a sterile 
technique from.hepatitis B surface antigen-negative 
donors. Only milks with a total bacterial count 
< 2500 aerobic bacteria/ml were used. Milk con- 


-taining Staphylococcus aureus, Enterobacteriaceae, 


or Pseudomonas aeruginosa was excluded. 

A pool of such milk, produced by several donors, 
was collected and used for all 3 balance studies for 
each infant. One-third of the pool was left in the 
raw state, one-third was pasteurised (63?C for 
half-an-hour), and one-third was brought to boiling 
point and then rapidly cooled, Thus each individual 
infant's balance studies used only one pool of milk 
but a different pool was used for each infant. The 
milk fed to the infants during the week before each 
study was human milk, processed in the same way 
as the balance study milk, but not from the same 
pool. All balance study milks were stored at —18°C 


‘and defrosted immediately before feeding. 


The volumes of milk given were calculated from 
the infant's postnatal age and weight, and modified 
depending upon its tolerance of volumes previously 
fed. The composition of the milks used in the 21 
balance studies is shown in Table 3. All infants 
received additional vitamin D 400 IU/day in the 
form of a multivitamin aqueous solution (Abidec: 





summary of the infants at the time of the balance — Parke-Davis), iron 25.mg/day (Plesmet: Napp 
studies is shown in Table 2. There were no significant Laboratories), and folic'acid 1 mg/day. : 
‘Table 2 Details of infants at the time of balance studies (Cases 1—6 inclusive) 
Milk Weight Age Intake Urine output ^ - Faecal output 
(kg) (days) (ml[kg per day) (mlikg per day) , -  (glkg per day) 
Raw 
Mean 1-54 °° 35 265 163-6 . 14.82 
$ 1-39-1-67 23-42 231-362 138-2-205.7 4-49-30-47 
Paster1rised ; 
Mean 1:50 35 25 162-0 - 18-34 
Range 1-25-1.86 _ 21-49 224—322 130.5-237.7. 12-0 -27-4 
Boiled ; 
Mean 1-52 35 248 167-8 17-09 
Rangs 1:34-1:73 28-56 . 214-351 136-4-253-9 `} 9-43-28-16 





Table 3 Milk analyses 
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Milk Fat % free mmolji : Osmolality 

(mean) (s/I) fatty acids (mOsm]kg) 
Nitrogen Sodium Calcium Phosphorus 

Raw 29.67 16-0 119 6.97 7.34 4-05 286 
(166-7) (16-0) (29 +4) (12-5) 

Pasteurised 30.9 12.6 122 6-78 7°36 4-02 290 
(170-9) (15-6) Q9. (12-5) 

Boiled 29.51 12-6 7-23 7-43 4-15 301 

, (175-1) (16-6) (29.8) (12-9) 
SED - 0-745 0-96 0-27 0-24 0-079 0-049 7.03 
F (2, 8) NS ' 8.289 NS NS NS NS NS 
P«O0-01 
NS = no difference; SED = standard error of difference between any pair of means. 


Figures in brackets are mg/100 ml. 


Metabolic balance techniques. Informed consent was 
obtained from all parents. The infants were nursed 
in incubators at an ambient temperature determined 
by their age and weight; stool and urine collections 
were supervised throughout the study by trained 
staff and medical students. On the first day of each 


48-hour balance study the feeds were measured into. 


sterile polycarbonate feeding bottles which were 
then weighed. An aliquot of the milk for each 
balance study was then taken for analysis. All milk 
was given via 20 ml disposable syringes attached to 
polyethylene nasogastric feeding tubes (5 FG). At 
the end of each feed the feeding bottles were re- 
weighed to determine the volume fed. The specific 
gravity of each milk sample was measured to enable 
determination of the volume from the weight. 

During the processing and feeding of the milk, 
creaming of the milk fat occurs which is then liable 
to adhere to the sides of the syringe. The syringes 
were therefore saved, the milk remaining in them 
analysed, and this weight of fat subtracted from 
the infant's intake. A record was kept of any 
spillage, and regurgitated milk was collected on 
large nylon bibs, backed with polyethylene and 
spread under and around the infant’s head. Both 
spillage and regurgitation were rare. Feeds were 
given 3-hourly to all infants except Case 4 who 
was fed every 2 hours. 

- The stool collection was delineated by two 25 mg 
carmine markers. The first was given immediately 
before the first of the balance feeds, the second 
after the last of the balance feeds at the end of the 
48-hour balance period. Stools were collected from 
(and including) the first specimen containing carmine 
until (and excluding) the specimen containing 
carmine from the second marker. Preweighed, 
calcium-free cellophane nappy liners were used to 
collect the stools. A V-shaped cleft cut into the 
mattress between the infant’s legs allowed the stool 
to drop on to the nappy liner. Padded cotton 
restraints were looped around the infant’s thighs, 
thus maintaining a position of abduction. Soiled 


nappies were immediately stored at —18°C until 
they were reweighed and the stool analysed. 

Urine -was collected during the 48-hour balance 
period from the baby girls by means of self-adhesive 
24-hour urine collecting bags. The boys’ urine was 
collected via acid-washed thin rubber tubing. All 
urine samples were removed immediately after 
voiding and stored at —18?C. 

There were no significant differences in the 
amounts of urine or stool excreted between the 
three groups (Table 2). 


Analytical methods. The stool was scraped from the 
soiled nappy liners which were then washed twice 
in hot (70°C) 0-1 m HCI. The stools and washings 
were homogenised for 30 seconds and sonicated for 
10 minutes (Bliss et al., 1971). Further 0-1 M HCl 
was then added so that the final stool homogenate 
contained 5—7 g of stool/100 ml. 

The syringes used for feeding the infants were 
rinsed with 96% ethyl alcohol plus 0:4% amyl 
alcohol. These washings, the stool homogenates (in 
duplicate), and aliquots of the balance study milks 
were analysed for total fat and free fatty acids by 
the method of Van de Kamer et al. (1949). 

The Na, Ca, and P analyses were carried out in 
duplicate using 1 ml aliquots of the milks and stool 
homogenates. These were initially dried at 90°C 
then ashed in a muffle furnace for 18 hours at 480°C. 
The ash was dissolved in dilute HCI and then further 
diluted with either deionised water or 0-5% lan- 
thanum chloride solution for analysis of Na and 
Ca respectively. Na was determined by flame 
emission spectrophotometry and Ca by atomic 
absorption spectrophotometry, using a Pye Unicam 
SP 90 atomic absorption spectrophotometer. Urine 
samples were analysed similarly for Na and Ca but 
without, ashing beforehand. The P in the ashed 
stools and milk samples was determined by a colori- 
metric method using a molybdate/vanadate reagent. 
Urinary P was estimated by the method of Delsal 


‘and Manhouri, described by Wootton (1964). 
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Table 4 Fat balance studies , 


Excretion (g/kg per day) 








Milk (mean) > Intake (g]kg per day) % absorption 

Raw 7-86 2-07 73.6 

Pasieurised 7.89 3-65 $3.7 

Bolled € 7-20 3-89 45.9 

SED 0-25 0-29 3.37 

F (2, 8) 4-88 23.73 36.59 
P«0-05 P «0-001 P «0-001 

Raw v. pasteurised NS Raw v. pasteurised P «0.001 Raw v. pasteurised P «0-001 

Raw v. boiled P«0-05 Raw v, boiled P «0-001 Raw v. bolled P<0-O001 

Boiled v, pasteurised P<0-05 Boiled v. pasteurized NS Boiled v. pasteurised NS 


Total N in homogenates of the stool and also in 
milk and urine samples was determined by a 
modified micro-Kjeldahl method (O'Brien et al, 
1968). Milk osmolalities were measured on a Fiske 
osmometer. Fat determinations were initially carried 
out on the bib washings but the amounts obtained 
were negligible and the results were not included in 
the calculations. 


Results 


In all balance studies absorption signifies the 
difference between intake and faecal excretion; 
retention the differences between intake and total 
excretion (faeces plus urine). Analyses of variance 
was carried out for each variate and then an F test 
applied to determine significant differences between 
the 3 types of milk. Any difference with a significance 
equal to or greater than the 5% level was also 
assigned a P value. When computing the percentage 
of absorption and retention of the various nutrients, 
a weighted analysis of variance was carried out, 
using the appropriate intake as the weighting factor. 


Fat balance studies. Details of the fat balance 
studies are shown in Table 4. The fat intake during 
the boiled milk periods was significantly lower than 


with the other milks. Fat losses adhering to the 


sides of the feeding syringes made a very small 
contribution to this difference. A mean of 0-426 g 
fat in the 48 hours of the boiled milk balance study 
compared with 0-079 g and 0-198 g in the balance 
study periods of the raw and pasteurised milks 
respectively. Each of the 6 infants demonstrated 
impaired fat absorption from the heated milks 
compared with the raw (Figure) The mean fat 
absorptions from the pasteurised and boiled milks 
were 72:957 and 62-47; respectively of the mean 
fat absorption resulting from the raw milk. The 
poorest fat absorption (a mean of 41% from the 
three milks) was noted from Case 4 in whom the 
fat intake (a mean of 9-88 g/kg per day) was also 
the greatest. The group as a whole demonstrated an 
inverse correlation between fat intake and percentage 
fat absorption (correlation coefficient —0*46). 

The percentage of faecal fat analysed as free 
fatty acids was greater (P <0-01) in the stools 
resulting from the raw milk feeds. A mean of 
81-9% for the raw milk, 69-7% for the pasteurised, 
and 71 224 for the boiled milks, standard error of 
difference (SED) 2-5. 


Nitrogen balance studies. The mean N intake from 
the three milks was not significantly different 
(Table 5) nor was the percentage of N absorbed. 
However, 4 of the 6 infants (Cases 1, 2, 3, and 6) 


MB Raw milk 
[ ] Pasteurised milk 
Boiled milk 


hhh” 


Figure Fat absorption for 
Cases 1—6 i 


*, fat absorption 





hhl 


x 


Table 5 Nitrogen balance studies 
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Milk (mean) mmoljkg per day + ^, absorption % retention 

Intake ‘Excretion j 
Faeces Urine 

Raw 31-59 5.58 7.64 82.3 58-1 
(442-5) (78 +2) (107) 

Pasteurised 31-27 5.98 7-76 80.9 56.1 
(438) (83-8) (108-7) 

Bolled 31-07 5.74 9.28 81:5 51.5 
(435.2) (80.4) (130) 

SED . :03 0-29 0-86 1-26 3.10 

F (2, 8) NS r NS NS NS NS 





Figures in brackets are mg/kg por day. l 


demonstrated improved N-retention when fed raw 
milk. Although N-retention in the group as a 
whole seemed better when the infants were fed 
raw or pasteurised milk, there was no significant 
difference between those values and those resulting 
from the feeding of boiled milk. 


Calcium, phosphorus, and sodium balance studies. 
No significant difference was found between the 
three milks in the absorption and retention of Ca, 
P, or Na (Tables 6, 7, 8). The data for Case 7 are 
given in Table 9 (but these were not included in 
the statistical analyses). The absorption of Na and 
P was uniformly good over a relatively narrow 
range, while that of Ca varied widely, mainly 
because Case 4 had a large Ca intake but a low 
percentage of absorption. Na was the only con- 
stituent investigated the absorption and retention 
of which correlated significantly with postnatal age 
for the 3 weeks of the study. The correlation co- 
efficients were 0-512 for Na absorption and 0-478 
for Na retention. The absorption and retention of 
Ca (correlation coefficients 0-409 and 0-407 
respectively) failed to achieve a similar significance. 


Carmine transit times. The mean transit times were 
14-6 hours for the raw milk, 12-1 hours for the 


Table 6 Calcium balance studies 


Milk (mean) mmoljkg per day 
Intake Excretion 
Faeces 
Raw 1-95 1-44 
: (78-2) : (57.7) 
Pasteurised l 1-88 1-42 
f (75-4) (36-9) 
Boiled 1-85 1-45 
(74-1) (58.1) 
SED 0-06 0-18 
F (2, 8) : NS 


pasteurised milk, and 11:3 hours for the boiled 
milk, SED 2-6 hours. These differences were not 
significant. 


Weight gain and clinical course. Each infant had a 
greater weight gain during the week it was fed raw 
milk. The mean weight gains while they received 
raw, pasteurised, and boiled milks were 9-24, 
6-34, and 6-63 g/100 ml milk respectively (SED. 
0-78, P<0:01). 

None of the infants developed serious illness 
during the period of the balance studies. At 8 weeks 
of age Case 5 was noted to have craniotabes. 
X-rays of the skull and wrist showed osteoporosis, 
serum alkaline phosphatase was elevated, serum Ca 
and P were normal. A second infant (Case 4) also 
had both radiological and biochemical evidence of 
rickets at age 3 months. 


Discussion 


In view of its content of functioning white cells and 
active enzymes, human milk has aptly been des- 
cribed as a living fluid (Jelliffe, 1975). However, 
there have been few studies on the nutritional 
consequences of ‘killing’ it by heat treatment and 
the reported results have been conflicting. Our 


% absorption % retention 
Urine 
0-15 26-2 18.7 
(6-0) : 
0-12 24-5 18:2 
(4-8) 
0.09 21-3 16-7 
(3-6) i 
0-04 8-10 8-04 
NS NS | 2 NS 





Figures in brackets are in mg/kg per day. 
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Table 7 Sodium balance studies 




















initial survey shows that the use of heat-treated 
milk is common and indicates the practical im- 
portance of determining whether any loss of nutri- 
tional value has resulted. — i 

Williams et al. (1970) suggested that autoclaving 
breast milk could have accounted for the poor fat 
absorption which they obtained when they fed this 
milk to term infants. Similarly, Widdowson (1974) 
also studied term infants after fresh breast milk 
had been pasteurised and lyophylised. However, 
an earlier study specifically designed to investigate 
the influence of various heat treatments and storage 
conditions upon the preterm infant’s ability to 
absorb fat from human milk failed to show any 
effect (Soderhjelm, 1952). Fomon and Owen (1962) 
also failed to provide evidence of nutritional 
impairment of the protein in an autoclaved milk- 
based formula. Studies on growth are limited but 
they indicate a restricted weight gain when infants 





Milk (mean) mmolikg per day % absorption % retention 
Intake Excretion 
Faeces Urine 
Raw “1-83 0-21 0-82 88.4 43.5 
(42-1) (4-8) (18-9) 
Pasteurised 1-72 D-29 0-65 83-1 45.6 
(39.5) {6-7) (14-9) 
Boiled , 1:78 3-30 0-68 83-4 45-1 . 
(40-7) (6.9) (15-6) 
SED 0-08 0-06 0-14 4-49 8-41 
F Q, 8) NS NS NS NS NS 
Figures in brackets are mg/kg per day. 
Table 8 Phosphorus balance studies 
Milk (mean) mmol[kg per day % absorption - % retention 
Intake Excretion nO 
Faeces Urine 
Raw 1-07 0-12 0-31- 88-6 59.5 
(33.1) G-7) (9.6) 
Pasteurised 1-02 0-13 0-19 87.4 68.9 
| 1-6) (4-0) (5-9) 
Bolled 1-03 0-14 0-21 86-0 66-0 
(31-9) (4:3) (6.5) 
SED 0-034 0-043 0-099 4-21 8-81 
F (2.8) NS NS NS NS NS 
Figures in brackets are mg/kg per day. 
Table 9 Details of case 7 : 
Milk Fat Calcium Phosphorous Sodium Nitrogen 
(% absorption) % absorption Y%retention % absorption %4 retention Yabsorption "A retention Y%absorption % retention 
Raw 50-5 12-4 6-5 86-0 84-9 87.2 56-0 79-9 38-3 
Pasteurised 56.5 23.6 18-4 88.9 87.8 83.8 45.9 B2-4 >: 60.6 
Boiled 49-8 16-1 12-6 86-7 85.7 83-4 59-6 83-6, |. 60.5 


are fed heated human milk (Catel and Sager, 1960; 
Sager, 1960). 

In this investigation, we considered that the 
limitations of using a small number of infants for 
the purpose of comparing the 3 milks were largely 
overcome by the design of the study. The most 
significant and consistent result to.emerge was the 
better rate of fat absorption from the raw milk. 
The deleterious effect of heat treatment occurred at 
both the temperatures used, although it was greater 
in the boiled than the pasteurised milk. The differ- 
ence in absorption could not have been secondary 
to the milk's fatty acid composition as each study 
used the same source of milk. The fatty acid con- 
figuration within the triglyceride molecule is also 
known to influence fat absorption (Tomarelli e£ al., 
1968; Filer et al., 1970), but it is not certain if the 
configuration is altered by heat treatment alone, 
although heating may alter milk fat in other ways. 


For instance, boiling can result in a general fat loss 
owing to the formation of a surface skin and a 
deposit at the bottom of the container in which the 
milk is heated (Ashton, 1972).-Also, the complex 
fat globule membrane is altered by heating with loss 
of membrane material (Loewenstein and Gould, 
1954). This might have been expected to enhance 
rather than impede lipolysis. Similarly, the smaller 
fat intake during the boiled milk balance should 
improve the percentages in view of the negative 
correlation noted between fat intake and absorption. 

Malabsorption of fat similar to that noted here 
has been widely. reported in preterm infants 
(Davidson and Bauer, 1960; Zoula et ai, 1966; 
Kaiz and Hamilton, 1974). Two major factors are 
held responsible—a deficiency of bile acids and also 
of pancreatic lipase. The intraluminal bile acid 
concéntrations are frequently below the critical 
micellar concentration necessary for the solu- 
bilisation of the end products of lipolysis. This has 
been shown to correlate well with the degree of 


steatorrhoea in these babies (Lavy et al, 1971;- 


Signer ef al, 1974). Also from the evidence of 
pancreatic lipase noted during feeds (Norman et al., 
1972), and the presence of unhydrolysed glycerides 
in the stools of term infants (Watkins et.al., 1974), 
it appears that exocrine pancreatic function is 
similarly inadequate in early life. However, Zoppi 
et al. (1972) were able to demonstrate that preterm 
infants are able to secrete a considerable amount of 
pancreatic lipase in response. to exogenous pan- 
creozymin and secretin, although the levels were 
very low when compared with those secreted by 
older infants and children. They also noted that 
lipase production was not stimulated by diets con- 
taining a relatively large amount of fat when the 
amount of protein in the diet was small, a situation 
akin to that of feeding mature human milk. 

_ The role of human milk lipases in the absorption of 


dietary fat has only recently received serious con- 


sideration (György, 1971; Castberg and Solberg, 
1972). In particular, the bile-stimulated lipase has 
been shown to produce lipolytic activity equivalent 
to that of pancreatic lipase under conditions 
simulating those of the neonatal intestine (Hall, 
1975; Hernell, 1975). Also such lipases are known to 
be heat labile (Hernell, 1975) with loss of lipolytic 
activity related to the degree of heat applied. As 
neither bile salt levels nor endogenous lipase pro- 
diction. would be expected to alter in relation to the 
way in which the milks were processed, dietary 
lipase offers a possible explanation for the changes 
noted in fat absorption. This hypothesis is sup- 
ported by the higher levels of free fatty acids present 
in the stools of milk triglycerides once ingested. In 
addition, there may have been a small contribution 
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resulting from the increased levels of free fatty 
acids in the raw milk before feeding: 

. Good fat absorption is important for the pre- 
term infant, both because of the high calorie content 
of fat and its role in brain development (Crawford, 
1976). Also excess faecal loss may be associated 
with a loss of vitamin D and calcium (Widdowson, 
1965; Southgate et al., 1969; Hanna ef al., 1970). 
The development of osteoporosis and rickets in two 
of these infants suggests that their intake of both 
Ca and vitamin D was inadequate. This is not un- 
expected as the Ca content of human milk is known 
to be insufficient to allow for Ca accretion at a rate _ 
comparable to that in utero (Shaw, 1976). Also, as 
each infant was fed on boiled human milk both 
before and after the period of the balance studies, 
and the study demonstrated a positive correlation 
(correlation coefficient 0-647) between fat and 
calcium absorption, the steatorrhoea resulting from 
the boiled milk might have been expected to limit 
the infant’s rate of Ca accretion. Our results do not 
suggest that feeding raw milk will improve this 
situation as, although 4 of the infants demonstrated 
improved Ca absorption from the raw milk, there ` 
was'no significant difference for the whole group- 
fed raw milk compared with those fed heated milks. 

There is evidence suggestive of diminished N- 
retention resulting from the boiled milk. This 
occurred withdut any such change in N-absorption 
and parallels that noted by Royer (1973) in his 
study which used modified cows’ milk. Heating will 
of course, denature the milk proteins and profoundly 
alter their electrophoretic pattern (Catel and Sager, 
1960). In addition, heat treatment may involve the 
free amino groups of milk proteins and the aldehyde 
group of lactose in the Maillard reaction (Ellis, . 
1959). The protein-carbohydrate complex so formed, 
although possibly absorbed satisfactorily, is prob- 
ably not incorporated within new cells. There is 
thus a resultant loss in the urine of potentially avail- 
able nutrients derived from both the carbohydrate 
and protein component of the milk (Valle-Riestra 
and Barnes, 1970). This gives a possible explanation 
for the indication we have from this study that N- 
retention is diminished when the milk is subjected to 
the more severe heat treatment. 

The infants’ weight gains were calculated for a 
period of a week for each milk and were related to 
the"volumes of milk consumed. As breast milks 
vary in composition and only that fed during the 
period of the balance studies. was-analysed, it was 
not possible to relate weight gain to calorie intake. 
However, all milk came from pools of several 
donors and our previous analyses of such pools 
(Williamson et al., 1978), have shown only minor 
differences in composition. The greater weight 
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gain noted when all infants were fed raw milk 
accords well with the balance study data. As 
fat accounts for almost half of the calorific value of 
kuman milk, the losses of fat which can occur during 
processing, feeding, and in the stool, are of critical 
importance to infants whose intake is otherwise 
limited. Also, if one accepts that milk lipases in 
raw milk complement the infant’s own inadequate 
lipase production, this effect may well be more 
pronounced in infants who are studied soon after 
birth, at a time when endogenous lipase production 
is known to be lowest (Zoppi et al., 1972). 


We are grateful for the assistance of the nurses, 
milk bank staff, and ‘medical students working in 
the neonatal intensive care unit at King's College 
Hospital; to Mr J. H. Hewitt (Public Heaith 
Laboratory, Dulwich Hospital) for his work on 
the bacteriology of the milk samples; to Professor 
J. W. Scopes (St Thomas's Hospital) for allowing 
the study of an infant under his care; to Mrs Pamela 
Golding for her secretaria! help; and to Mr K. 
Ryan for advice on statistics. S.W. held a Wates 
Research Fellowship. 


References 


Addy, D. P. (1976). Infant feeding: a current view. British 
, Medical Journal, 1, 1268-1271. 

Ashton, W. M. (1972). The components of milk, their 
nutritive value and the effects of processing: Part 2. Dairy 
Industries, 37, 602—611. 

Bliss, C. M., Small, D. M., and Donaldson, R. M. (1971). 
The use of somication to 'eliminate sampling and storage 


errors in stool fat determinations (abstract). Clinical 
Research, 19, 387. 
Castberg, H. B., and Solberg, P. (1972). Human milk 


lipase and the importance of milk lipases for the infants' 
digestion of fat. Meleriposten (Oslo) 61, 783—795. 

Catel, V. W., and Sager, C. A. (1960). Weitere Studien über 
rohe und erhitzte Frauenmilch. Monatsschrift fir Kinder- 
heilkunde, 108, 31-45. 

Crawford, M. A. (1976). Lipids and development of the 
human brain. Biochemical Society Transactions, 4, 231—233. 

Davidson, M., and Bauer, C. H. (1960). Patterns of fat 
excretion in feces of premature infants fed various prepar- 
ations of milk. Pediatrics, 25, 375—384. 

Davies, D. P. (1977). Adequacy of expressed breast milk 
Tor early growth of preterm infants. Archives of Disease in 
Childhood, 52, 296—301. 

Dubowitz, L. M., Dubowitz, V., and Goldberg, C. (1970). 
Clinical assessment of gestational age in the newborn 
infant. Journal of Pediatrics, 77, 1-10. 

Ellis, G. P. (1959). The Maillard reaction. Ajuaees in 
Carbohydrate Chemistry, 14, 63—134. 

Filer, L. J., Jr, Mattson, F. M., and Fomon, S. J. (1970). 
Triglyceride configuration and fat absorption by the human 
infant. Journal of Nutrition, 99, 293-298. 

Fomon, S. J., and Owen, G. M. (1962). Retention of nitrogen 
by normal full-term infants receiving an autoclaved 
formula. Pediatrics, 29, 1005-1011. 


Fomon, S. J., Ziegler, E. E., and Vazquez, H. D. (1977). 
Human milk and the small premature infant. American 
Journal of Diseases of Children, 131, 463-467. 

György, P. (1971). Biochemical aspects of human milk. 
American Journal of Clinical Nutrition, 24, 970-975. 

Hall, B. (1975). Activation of human milk lipase. Bio- 
chemical Society Transactions, 3, 90-91. 

Hanna, F. M., Navarrete, D. A., and Hsu, F. A. (1970). 
Calcium-fatty-acid absorption in term infants fed human 
milk and prepared formulas simulating human milk. 
Pediatrics, 45, 216—224. 

Hernell, O. (1975). Human milk lipases. III. Physiological 
implications of the bile salt stimulated lipase. European 
Journal of Clinical Investigation, 5, 267-272. 

Jelliffe, D. B. (1975). Unique properties of human milk: 
remarks on some recent developments. Journal of Repro- 
ductive Medicine, 14, 133-137. 

Katz, L., and Hamilton, J. R. (1974). Fat absorption in 
infants of birthweight less than 1,300 gm. Journal of 
Pediatrics, 85, 608-614. 

Lavy, U., Silverberg, M:, and Davison, M. (1971). Role of 
bile acids in fat absorption in low birthweight infants 
(&bstract). Pedlatric Research, 5, 387. 

Loewenstein, M., and Gould, I. A. (1954). The effect of heat 
on the chemical nature of the material absorbed on the 
milk fat globule. Journal of Dairy Science, 37, 644. 


` Lubchenco, L. O., Hansman, C., Dressler, M., and Boyd, E. 


(1963). Intrauterine growth as estimated from live-born 
birthweight data at 24 to 42 weeks of gostanon: Pediatrics, 
32, 793-800. 

Norman, A., Strandyik, B., and Ojamäe, O. (1972). Bile 
acids and pancreatic enzymes during -absorption in the 
newborn. Acta paediatrica Scandinavica, 61, 571-576. 

O’Brien, D., Ibbott, F. A., and Rodgerson, D. O. (1968). 
Laboratory Manual of Pediatric Biochemical Techniques, 
fourth edition, pp. 238-240. Harper and Row: New York. 

Royer, P. (1973). Bases metaboliques de l'utilisation des laits 
dits humanises. Pádiatrische Fortbildungskurse für die 
Praxis, 371, 15-25. 

Sager, C. À. (1960). Further studies on raw preserved human 
milk with special reference to centrifugal sterilization (in 
German). Monatsschrift für Kinderheilkunde, 108, 119—120. 

Shaw, J. C. L. (1976). Evidence for defective skeletal mineral- 
ization in low birthweight infants; the absorption of 
calcium and fat. Pediatrics, 57, 16-25. 

Signer, E., Murphy, G. M., Edkins, S., and Anderson, C. M. 
(1974). Role of bile salts in fat malabsorption of pre- 
mature infants. Archives of Disease in Childhood, 49, 
174-180. 

Soderhjelm, L. (1952). Fat absorption studies in children. I. | 
Influence of heat treatment of milk on fat retention by 
premature infants. Acta paediatrica Scandinavica, 41, 
207-221. 

Southgate, D. A. T., Widdowson, E. M., Smits, B. J., 
Cooke, W. T., Walker, C. H. M., and Mathers, N. P. 
(1969). Absorption and excretion- of calcium and fat by 
young infants. Lancet, 1, 487-489. 

Stearns, G. (1939). The mineral metabolism of normal 
infants. Physiological Reviews, 19, 415—438. 

Tomarelli, R. M., Meyer, B. J., Weaber, R. J., and Bernhart, 
F. W. (1968). Effect of positional distribution on the 
absorption of the fatty acids of human milk and infant 
formulas. Journal of Nutrition, 95, 583—590. 

Valle-Riestra, J., and Barnes, R. H. (1970). Digestion of 
heat-damaged egg albumen by the rat. Journal of Nutrition, 
100, 873-882. 

Van de Kamer, J. H., ten Bokkel Huinink, H., and Weyers, 
H. A. (1949). Rapid method for the determination of fat 
in faeces. Journal of Biological Chemistry, 177, 347—355. 


—-— 


t 


d 


Watkins, J. B., Bliss, C. M., Donaldson, R. M., Jr, and 
Lester, R. (1974). Characterisation of newborn fecal lipid. 
Pediatrics, 53, 511-515. 

Widcowson, E. M. (1965). Absorption and excretion of 
fat, nitrogen, and minerals from ‘filled’ milks by babies 
ons week old. Lancet, 2, 1099-1105. 

Widdowson, E. M. (1974). Nutrition: Scientific Foundations 
of Paediatrics, pp. 44-55. Edited by J. A. Davis and 
J. Dobbing. Heinemann: London. 

Williams,.M. L., Rose, C. S., Morrow, G., Sloan, S. E., and 
Barness, L. A. (1970). Calcium and fat absorption in 


neonatal period. American Journal of Clinical Nutrition, . 


23, 1322-1330. 

Williamson, S., Hewitt, J. H., Finucane, E., and Gamsu, H.R. 
(1978). Organisation of bank of raw and pasteurised human 
milk for neonatal intensive care. British Medical Journal, 1, 
MOI 


Effect of heat treatment of human milk 563 

Wootton, I. D.' P. (1964). Microanalysis in Medical Bio- 
chemistry, fourth edition. Churchill: Edinburgh. 

Zoppi, G., Andreotti, G., Palno-Ferrara, F., Njai, D. M., 
and Gaburro, D. L. (1972). Exocrine pancreas function in 
premature and fuli-term neonates. Pediatric Research, 6, 
880—886. 

Zoula, J., Melichar, V., Novak, M., Hahn, P., and Koldovsky, 
O. (1966). Nitrogen ‘and fat retention in premature infants 
fed breast milk, ‘humanised’ cow’s milk, or half-skimmed 
cow's milk. Acta paediatricia Scandinavica, 55, 26-32. 


Correspondence to Dr S. Williamson, Department 
of Child Health, King's College Hospital Medical 
School, Denmark Hill, London SE5 8RX. 


Archives of Disease in Childhood, 1978, 53, 564-569 


Neurological sequelae in newborn babies after 


perinatal asphyxia 


S. W. DE SOUZA AND B. RICHARDS 


te 


a> 
* 


From the University Department of Child Health, St Mary's Hospital, Manchester, and the - 
Department of Computation, University of Manchester Institute of Science and Technology, Manchester 


SUMMARY A total of 53 babies, 37 to 44 weeks’ gestational age with a history of fetal distress in 
labour, and severe neurological abnormalities in the early newborn period, were followed up for 
between 2 and 5 years. Their progress was compared with an equal number of normal babies matched 
for gestational age, birthweight, sex, and social class, but without a history of fetal distress or delay 
in establishing spontaneous respiration at birth. In the set of babies with a history of fetal distress 
no perinatal condition was identified that could predict with certainty the type of neurological 
status in the newborn period, or the occurrence of neurological abnormality in later childhood. 
Follow-up disclosed a considerable improvement in function in most of the apparently brain-injured 
babies. It is suggested that such babies exhibiting apathy initially but subsequently hyperexcitability 
and extensor hypertonia carry the worst prognosis. 


It has long been known that perinatal asphyxia 
sometimes causes brain damage but there is un- 
certainty about the sequence of events and prognostic 
value of abnormal neurological signs exhibited by 
newborn babies with a history of intrapartum or birth 
asphyxia. With advances in neonatal care the out- 
look for babies surviving severe perinatal asphyxia 
appears to have improved (Scott, 1976; Thomson 
et al., 1977), making it more difficult to identify the 
precise role of asphyxia in causing brain damage. 
The present study was undertaken in a set of neuro- 
logically abnormal babies with a history of fetal 
distress in labour, to find out whether the types of 
neurological signs exhibited by such babies have any 
bearing on their outcome in later infancy or child- 
hood. 


Methods 


Subjects. Newborn babies, 37 to 44 weeks' gestational 
age, with a history of fetal distress, were diagnosed 
as severely neurologically abnormal in the early 
newborn period by colleagues working at the same 
hospital, because of the unequivocal presence of 
abnormal tone (hypertonia or hypotonia), i irritability 
on handling (marked increase in spontaneous 
activity with alteration in respiration, or crying), a 
‘cerebral’ (high-pitched) cry, or convulsions. These 
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babies were also seen by one of us (S.W. De S.). 
They were born between 1971 and 1975 at St Mary’s 
Hospital, Manchester. All were singletons. The 
gestational age, calculated from menstrual dates, 
was checked by reference to ossification centres, fetal 
biparietal diameter, or maternal uterine size. Fetal 
distress was diagnosed by the obstetricians when the 
fetal heart rate was «120 or > 160 beats per minute 
between uterine contractions, on a number of 
occasions, with or without. meconium-stained 
liquor. At birth all babies were given routine care and 
resuscitated if necessary by a paediatrician or mid- 
wife. The progress of.each baby was followed by 
regular examinations and relevant laboratory or 
radiological investigations. À diagnosis of neurologi- 


cal abnormality was made in 55 babies, but 2 of 


these died by 40 hours of age, during which time 
only one neurological examination had been carried 
out. The remaining 53 babies with a history of fetal 
distress were compared with 53 normal controls 
matched for gestational age, birthweight, sex, and 
social class. Control babies did not have a history of 
fetal distress, and they had established spontaneous 
regular respiration by 5 minutes of age. After dis- 
charge from hospital all babies were seen at an out- 
patient clinic. 


Birthwelght. The relationship of birthweight to 
gestational age was studied using charts constructed 
by Milner and Richards (1974). 
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Birth scores. The condition of the babies at birth was 
assessed by using a subset of the Apgar scoring 
method (De Souza et al., 1975). The scores of 0, 1, or 
2 were given, respectively, if. respirations were 
absent, gasping, or regular; if heart-rate was unde- 
tectable, «100 or > 100 beats/min; and if colour was 
whitish, bluish, or pinkish. Therefore a maximum 
score of 6. or a minimum of 0 was possible. 


Neurological examination. This was carried out in 
accordance with the methods of Prechtl and Beintema 
(1964) for babies, and Paine and Oppé (1966) for 
older children. If a visual or a hearing impairment 
was suspected the child was referred to the depart- 
ments of audiology or ophthalmology for further 
assessment. The children have been followed up for 
between 2 and 5 years. Each child was given an 
overall rating on a 4-point scale according to the 
presence and severity of neurological abnormality 
and resulting handicap (Rutter er al., 1970; Thomson 
et al., 1977). The four categories are: Category 1: 

no abnormal neurological findings; Category 2: 

neurological findings of slight or doubtful signi- 
ficance; Category 3: definite disorder but producing 
litte or no physical handicap; Category 4: definite 
and obviously handicapping disorder. 


Results 


The mean gestational age of the 53 babies with a 
history of fetal distress was 39-7 and that of the 53 
controls 39-9 weeks; the range in each group was 37 
to 44 weeks. The birthweiglits ranged from 2110 to 
3823 g. Using the data of Milner and Richards 
(1974), 44 of 53 babies in each:group were appro- 
priate-weight-for-gestational age, the remaining 9 
were small-for-dates («10th centile). l 

The 2 babies who died by 40 hours of age were 38 
and 39 weeks’ gestational age at birth, and their 
birthweights, 2840 g and 3000 g, were appropriate 
for gestational age. ` 

Four other babies, gestational ages 3 38-40 weeks, 
born between 1971 and 1975, who retrospectively 
appeared to ‘have been severely abnormal neuro- 
logically and had a history of fetal distress, had not 
been referred to us. All 4 babies had died by 48 
hours of age. 


Antenatal conditions, intrapartum complications, and 


mode of delivery. Table 1 shows the antenatal 
conditions and intrapartum’ complications in the 53 
babies with a history of fetal distress and in the 53 
control babies. 

The mode of delivery is shown in Table 2. A 
significantly (P<0-001) gréater proportion of babies 
with a-history-of fetal distress in labour also had an 


Table 1 Antenatal conditions and intrapartum 
complications 





With fetal Controls ` 
(a = 53) 
(nc 53 


Antenatal conditions 
Toxaemia 


oooocu - 


2 
Hydramnios 1 
Fetal growth retardation 3 
aia cr aca CM 2 
Placenta praevia . 1 
Intrapartum E EE 
Cord 1 
Transverse arrest of head 6 
Compound presentation 1 
Rapid delivery of head , 3 
Uterine dysfunction 2 
Maternal haemorrhage and hypotension 1 


ONKNOODS 


Table 2 Mode of delivery 
Mode of delivery B 


i esr 
(n = 53) i 
Unsaisisted vertex vaginal* 7 38 
Forceps (Klelland's) 22 (6) 3(0). 
Ventouse 1 0. 
Breech 13 9 
Caesarean section 19 3 





*P 0-001 x test. 


abnormal delivery: Thus 43 (81 97) of 53 babies with 
a history of fetal distress were born. by forceps, 
ventouse, breech, or caesarean section, compared: 
with only 15 (28%) of 53 control ‘babies born by 
similar abnormal deliveries. The implication here is 
that a breech presentation, which selects itsélf, may 
often be the cause of the fetal distress during labour. 
In the case of forceps, ventouse, or caesarean section, 
the mode of delivery is often the result of the onset 
of fetal distress. 


Condition at birth and onset of regular B AE 
22 (42% of 53-babies with a history of fetal distress 
in labour (duration .12 to 30 min), and birth scores 
1 or 2 at 1 minute of age, regular respirations were 
established by 5 minutes of age. In the remaining 
31 (58%) babies with a history of fetal distress 
(duration 10 to 45 min), with birth scores 0 to 2 at 
1 minute, regular respirations were established 
between 7 and 60 minutes of age. A birth score of 0, 
with no vital signs, was recorded in one. baby. who 
received cardiac massage until the apex beat was 
audible by 4 minutes of age; this baby had taken 22 
minutes to establish spontaneous regular respiration. 

All 53 babies in the control group had birth scores 
of 3 to 5 at 1 minute of.age; regular respirations 
were established by 5 minutes of age. 
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Clinical conditions in the newborn period. The clinical 
conditions in the newborn period are shown in 
Table 3. These conditions were observed in 7 of 53 
babies with a history of fetal distress, but in none of 
the 53 controls. Two -babies classified in this table 
as ‘hypoglycaemic’ had blood glucose levels <1-2 
mmol/l (22 mg/100 ml); correcting this hypogly- 
caemia produced no change in neurological signs. 
. The low blood glucose level was found in a routine 
test and was corrected immediately. The two hypo- 
calcaemic babies had serum calcium levels of 1-0 
mmol/l (4 mg/100 ml) or 1-2 mmol/! (4-8 mg/100 
mi). The one baby with infection had radiological 
evidence of pneumonia, and bacterial pathogens 
were cultured from blood specimens and throat 
swabs. An exchange transfusion was carried out on 
one baby because of jaundice (serum bilirubin 300 
umol/l (17:5 mg/100 ml) associated with severe 
bruising caused by a breech delivery. The one baby 
with hyponatraemia had a serum sodium level of 


118 mmol/l (118 mEq/)). 


Neurological characteristics in the newborn period. 
Thirty-nine babies were referred to one of us 
(S. W.De S) on the first, 10 on the second, and 4 on the 
third postnatal day because of a severe neurological 
abnormality. In the case of neurologically abnormal 
babies daily neurological examinations were carried 
out for & 10-day period, but in the case of control 
babies the examinations extended only to the date 
of discharge. In 6 babies with a neurological abnor- 
mality, in whom. signs persisted beyond 10 days, 
daily observations were carried out until these babies 
were discharged. The neurological signs exhibited by 
these babies are shown in Table 4. In babies who 
were apathetic or hyperexcitable several neurological 
signs appeared in combinations. Apathetic babies, 
characterised by a general depression of nervous 
function, exhibited reduced spontaneous activity, 
hypotonia, and reduced neonatal responses— 


including traction, rooting, grasp, and Moro res- 


ponses. Hyperexcitable babies exhibited a low thres- 
hold for the Moro response, low frequency wide 
amplitude tremors, and brisk tendon reflexes. Seven 


Table3 Clinical conditlons in the newborn period 


Conditions ` Wih fetal Controls 
distresa (n = 33) 
(n = 53) 
Hypoglycaemia 2 0 
Hypocal 2 0 
Infection 1 0 
Exchange transfasion 1 0 
Hyponatraemta 1 0 


No. of babies with any one of these 
. conditions 


o 


Table 4 Neurological status in the newborn period 


Neurological status With fetal — Controls 
3 distress (t = 53) 
(n = 53) 
Hyperexcitability (32 babies) 
Hyperexcitable with flexor hypertonia 
only 1 0 
and convulsions y 10 Q 
and apnoea 4 0 
and bulging anterior fontanelle 2 0 
and tube feeding 8 0 
Persistent apathy (12 babies) 
Apathy only 8 0 
and convulsions 3 0 
and apnoea 3 0 
and bulging anterior fontancile 1 0 
and tube feeding 3 0 
Initial apathy (7 babies) 
Apathy initially but hyperexcitability 
and extensor hypertonia 
subsequently 
only 0 0 
and convulsions 7 0 
and apnoea, 7 0 
and bulging anterior fontanelle 7 0 
and tubo feeding 7 0 
-Normal tone (2 babies) 
Normal tone only 9 53 
and convulsions 2 0 
: and apnoea 0 0 . 
and bulging anterior 
fontanelie 0 0 
and tube feeding 0 0 


of the 19 apathetic babies, after a 2- to 3-day 
period, exhibited hyperexcitability and extensor 
hypertonia. The remaining 12 babies continued to 
exhibit apathy. Thus during a 10-day period these 
19 babies exhibited either apathy alone or apathy 
initially, but subsequently hyperexcitability and 
extensor hypertonia. Thirty-five babies exhibited 
hyperexcitability and flexor hypertonia. Only 2 
babies had normal tone but they also had convul- 
sions for between 2 and 3 days. Three types of 
convulsions were observed. These consisted of tonic 
extension of the trunk and limbs with the baby 
assuming the decerebrate posture, wide amplitude 
clonic movements affecting the arms or legs and the 
face sometimes twitching rhythmically, or myoclonic 
jerks which occurred in one arm or leg. 

A significantly (P<0-01) higher frequency of 
convulsions, apnoea, bulging anterior. fontanelle, 
and tube feeding were observed in babies exhibiting 
apathy initially but hyperexcitability and extensor 
hypertonia subsequently, than that in the remaining 
babies with a history of fetal distress (Table 4). 
These conditions were observed in all 7 babies 
exhibiting apathy initially but subsequently hyper- 
excitability and extensor hypertonia, but in only 17 
of 46 babies with other types of neurological status. 

The duration of these neurological signs is shown 


all 
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in Table 5. A significantly (P<0-05) greater pro- 
portion of babies with apathy initially but hyper- 
excitability and extensor hypertonia subsequently 
continued to exhibit these neurological signs beyond 
the tenth postnatal day, compared with that of the 
remaining babies with other types of neurological 
status. Three of 7 babies who exhibited apathy 
initially subsequently exhibited hyperexcitability 
and extensor hypertonia beyond the tenth day. By 
comparison, only 3 of 46 remaining babies, with 
either apathy or hyperexcitability and flexor hyper- 
tonia, continued to exhibit these characteristics 
beyond the tenth day. Thus, babies exhibiting apathy 
initially but subsequently hyperexcitability and 
extensor hypertonia had a greater severity of illness. 

In an attempt to identify antenatal, natal, or 
postnatal factors which would predict these types of 
neurological status in the newborn period, the 
effects of the following factors were examined: 
antenatal conditions, cause of onset of labour, intra- 
partum complications, drugs received during labour, 
length of labour, duration of fetal distress, mode of 


` delivery, heart rate at 1 minute of age, birth scores at 


1 minute of age, time taken to begin spontaneous 
regular respiration, birthweight, gestational age, sex, 
and postnatal conditions (Table 3). None of these 
factors was found to be of predictive value. 


Neurological status in the newborn period in relation 
to neurological abnormalities in later childhood. After. 
discharge from hospital all babies were followed up 
for between 2 and 5 years. Neurological abnormali- 
ties were observed in the fetal distress group (Table 6), 
but not in the controls. Forty-two (78%) of 53 
children with a history of fetal distress in whom 
neurological status had caused concern in the new- 
born period showed no neurological abnormality at 
follow-up. Seven (14%) children had a slight or 
doubtful abnormality which included squints, febrile 
convulsions, a head circumference greater than the 
90th centile (Westropp and Barber, 1956) between 1 
and 9 months of age, hyperactive behaviour, or 
minor degrees of motor dysfunction. Three (6%) 
children showed definite abnormalities but no handi- 
cap—1 child with epilepsy and 2 with nerve deafness. 


Table 5 Duration of neurological signs 
Neurological status n Duration (dayr) 
<5 5-10 >10 


Hyperexcitable with flexor hypertonia 32 il 19 2 


Apathy 12 4 7 I 
Apathy initlally, but subsequently i 
hyperexcitability and extensor 
hypertonia 7 0 4 3 
Normal tone, and convulatons 2 2 0 0 
Total | 583 n" 30 6 





Table 6 Neurological findings in later childhood 
(2-5 years) 





Neurological status n Outcome in childhood* 
in the newborn — M —————— — 


period Category Category Category Category 
1 2 3 4 

Hyperexcitable. with 

flexor hypertonia 32 30 2 0 0 
Apathy 12 10 1 1 0 
Apathy initially, but 

fu y 

hyperexcitability and 

extensor hypertonia 7 O £4 2 1 
Normal tone, and 

convulsions 2 2 0 0 0 
Total 53 42 7 3 1 





*] — no abnormal neurological findings; 2 » neurological findings of 
slight or donbtful significance; 3 «- definite disorder, but producing 
little or no physical handicap; 4 = definite and obviously handicapping 
physical disorder. i f 


QM 


These 3 children and the 7 in the previous group were 
making average progress in normal schools. Only 
one (2%) was severely handicapped by spastic quad- 
riparesis, athetoid movements, and epilepsy. 

An attempt was made to identify antenatal, natal, 
or postnatal conditions, including the type of 
neurological status in the newborn period, that 
would predict the occurrence of definite neurological 
abnormality (categories 3 and 4) in later childhood. 
None, except the type of neurological status in the 
newborn period, was of any predictive value. Three 


`of the 7 children who in the newborn period 


exhibited apathy initially, but subsequently hyper- 
excitability and extensor hypertonia, also had 
definite neurological abnormalities in childhood 
(Table 6); including one child severely handicapped 
by spastic quadriparesis, athetoid movements, and 
epilepsy. By contrast only one of the 46 remaining 
children, who had exhibited a different type of 
neurological status in the newborn period, had a 
definite neurological abnormality in childhood. This 
difference is highly significant (P<(0-001). 


Discussion 


The long-term outlook in newborn babies surviving 
severe asphyxia at birth is not as bad as had been 
thought. Scott (1976) reported a favourable outcome 
in 17 of 23 severely asphyxiated babies followed up for 
between 3 and 7 years. Thomson ef al. (1977) also 
reported a favourable outcome in 29 of 31 severely. 
asphyxiated babies seen at between 5. and 10 years 
of age, In the present study there were no statistically 
significant differences in the duration of fetal distress, 
the condition at birth, or the time taken to establish 
spontaneous regular respiration, between babies 
who in later childhood had definite neurological 


568 de Souza and Richards 


abnormalities and those who had not. Thus, these 
three criteria, on their own, cannot be relied upon 
for predicting the occurrence of neurological 
abnormalities in later childhood in babies surviving 
severe intrapartum or birth asphyxia. 

Several published reports have shown that peri- 
natal asphyxia increases the risk of handicaps— 
such as cerebral palsy, mental retardation, epilepsy, 
or disorders of learning and behaviour in childhood 
(Berendes, 1975)—but there is still uncertainty about 
the precise role of asphyxia in causing these condi- 
tions since most babies surviving severe asphyxia 
do so as normal children (Fraser and Wilks, 1959; 
Benaron et al., 1960; Scott, 1976; Thomson ef al., 
1977). There are several other perinatal conditions— 
such as prematurity, intrauterine growth retardation, 
apnoeic attacks, hypoglycaemia, or hyperbili- 
rubinaemia—that may also increase the risk of 
handicaps in childhood. In the present study a 
higher proportion of babies with a history of fetal 
distress were born by an abnormal delivery. Some 
ofthese deliveries—by Keillands forceps, by ventouse, 
or by the breech—may be traumatic to the fetus, 
causing in some such fetuses tentorial tears, or 
brain-stem or spinal cord injury (Yates, 1959; 
Towbin, 1960; De Souza and Davis, 1974). 

Although neurological examinations in newborn 
babies are time-consuming the information obtained, 
by using a standardised method (Prechtl and 
Beintema, 1964) for term babies, has proved useful 


in building up a picture of the kind cf baby who is ` 


more likely to be neurologically abnormal at 
fcllow-up. Two previous studies (Brown et al., 1974; 
Thomson ef al., 1977) have reported a higher inci- 
dence of feeding difficulties, persistent vomiting, 
convulsions, hypothermia, a high pitched cerebral 
cry, or abnorrmial muscle tone in the newborn period, 
in children who manifested neurological abnormali- 
ties. In the present study there was an increased 
incidence of similar conditions in newborn babies 
who were initially apathetic but were subsequently 
hvperexcitable and had extensor hypertonia. As 
these babies probably had a greater severity of illness 
than the remaining ones that exhibited other types of 
neurological characteristics they also had the worst 
outcome. It was not possible to ideniify any factor 
in their antecedents that could predict with certainty 
why a poor outcome accompanied 3 out of 7 of these 
babies. 

It has been suggested that the likelihood of 
permanent brain damage should be seriously con- 
sidered in babies with a history of cardiac arrest of 
more than 5 minutes’ duration (Steiner and Neligan, 
1975), or when spontaneous respiration is not estab- 
lished by 30 minutes of age (Scott, 1976). Steiner 
and Neligan (1975) have reported that one of 14 


babies with a history of cardiac arrest for 5 minutes 
or less, and 4 of 12 babies with a history of cardiac 
arrest of more than 5 minutes' duration, manifested 
quadriplegia or deafness in later childhood. More 
recently, in a study on the outcome of severely 
asphyxiated babies, Scott (1976) reported that 2 of 12 
babies who had taken 30 minutes or less, and 4 of 11 
babies who had taken more than 30 minutes to 
establish spontaneous respiration were handicapped 
in later childhood. It is worthy of note that these 
differences are not statistically significant. The pre- 
dictive value of cardiac arrest or delay in establishing 
spontaneous respiration at birth remains unresolved. 
In the present study, one of 46 babies with a history 
of having taken less than 30 minutes, but none of 7 
that had taken more than 30 minutes to establish 
regular respiration at birth, was handicapped in later 
childhood. The one baby with a history of cardiac 
arrest, lasting 4 minutes, had a favourable outcome. 


The authors thank Professor J. A. Davis, Professor 
J. P. M. Tizard, and Dr J. L. Smart for advice, 
colleagues in the Departments of Child Health and 
Obstetrics for permission to use their data, and Mrs 
Elaine Evans for secretarial assistance. 
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Value of screening for deafness in the first | 


year of life 


R. BOOTHMAN AND N. ORR 


From the Social Paediatric and Obstetric Research Unit, Glasgow 


SUMMARY Despite efforts to screen all babies for deafness within their first year, the handicap is 
still being detected later than is desirable. This study was designed to evaluate the effectiveness of 
current audiometric screening programmes. Hearing tests were carried out on 535 infants between 
the ages of 6 months and one year using conventional tests, which depend on the infants’ response 
to familiar sounds, and pure-tone audiometry. The results reveal inadequacies in both sets of tests 
which, coupled with a high default rate, may well account for the very small contribution that 
routine audiometric screening is maXing to the early diagnosis of deafness. 


The importance of early detection of deafness has 
been stressed by a number of workers (Ewing and 
Ewing, 1944; Whetnall, 1956; Markides, 1971; 
Tavlor, 1974). These authors point out that if 
treatment is not initiated before the age of 7 years it 
may be almost impossible to use residual hearing in 
sutsequent training and education. Indeed, Whetnall 
goes as far as to suggest that the deaf child should 
have a hearing aid by the time he starts to crawl. 
Recognition of the importance of the eerly detection 
of deafness has led to the recommendation that all 
infants should be screened for deafness (Ellis and 
Mitchell, 1973; Forfar and Arneil, 1973). Efforts to 
implement this recommendation have been made in 
the Glasgow area. However, when the source of 
referral of children requiring special educational 
help on account of deafness was investigated, it was 
found that only a few deaf children had come to light 
as a result of routine screening. This may be a 
reflection of poor use of the service—a possibility 
that cannot be discounted in view of the high default 
rates at routine developmental screening clinics. 
However, an alternative explanation is that the 
tests may not have been suitable for screening. The 
high default rate could be made lower by intro- 
ducing domiciliary screening, but the validity of test 
procedures is first worth considering. Tests currently 
being used for audiometric screening depend on the 
infants’ response to familiar sounds and these are 
difficult to standardise. The principal items used are 
a high- and a low-frequency rattle, but these do not 
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produce pure tones and indeed cover a wide range of 
frequencies and have variable outputs which cannot 
be satisfactorily calibrated (Fig. 1). Purthermore, 
there may be variations in the distance between the 
source of sound and the patient, and also the way 
in which the rattle is shaken. Such possible sources 
of observer error must cast doubt on the value of this 
technique in a screening test. 

Pure-tone audiometry overcomes many of these 
variables because both frequency and amplitude can 
be calibrated. Responses to such pure tones have in 
the past not been found to be sufficiently satisfactory 
for the technique to displace the more conventional 
tests based on sounds familiar to the child (Ewing 
and Ewing, 1944; Robson, 1970). More acceptable 
response rates were obtained, however, when toys 
and puppets were used to camouflage the sound 
source (Murphy, 1964; Supple and Slater, 1968). 

A study comparing conventional tests with modi- 
fied pure-tone audiometry was therefore carried out 
on 535 children to evaluate the relative merits of 
both techniques as screening tests. 


Materials and methods 


The parents of all infants (1070) whose ages ranged 
from 6 months to one year and who lived within the 
areas served by two child welfare clinics were invited 
to bring them for a hearing test. Each clinic was 
chosen because it had room available with a low 
level of background noise. One of the clinics (A) 
was sited in an area where services were well utilised, 
while in the-other clinic (B) default rates were 
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Sound Level in db re 0.0002 ubar 





62.5 250 
125 900 
Frequency 


2000 8000Hz 


approximate generated 
noise level 


O Background Noise Level 21-28 dBA 
X Low frequency rattle 32-34 dBA 
+ High frequency rattle 38 — dBA 
€ € Cup and spoon 40 dBA 
— — Tissue paper 42  dBÀ 


Fig. 1 The wide range of frequencies covered by 
sounds in the conventional tests. 


generally high. Clinic (A) had a much bigger infant 
population in its catchment area than clinic (B), 
hence 725 children from clinic (A) and only 345 
from clinic (B) were invited to attend. 


Technique 


Pure-tone audiometry. The audiometer (Fig. 2) 
consisted of a pure-tone generator with variable 
frequency and volume connected by leads to two 
loudspeakers with a noiseless control switch. The 
output of the loudspeakers was adjusted to give a 
nominal 40 dB or 60 dB (re. 0:0002 bars to 0-5 cm 
and at 200 Hz, 1 kHz, and 4 kHz). 

The baby was supported on the mother's knee with 
the loudspeakers at a distance of 0:5 m on each side 
(Fig. 3). The tester sat facing the baby and was able 
to operate the audiometer unobtrusively. Any 
response to the noise could be clearly seen and 
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interpreted by the observer placed in front of the 
child. When the child responded to the sounds a toy 
was offered as a reward. 


Conventional tests. As in the case of pure-tone 
audiometry the child was supported on the mother's 
knee. Since only a definite turn of the head could be 
interpreted from behind the child, a second observer 
interpreted less well-defined responses. The sounds 
used were high and low frequency rattles, movement 
of a teaspoon in a cup, rustling of tissue paper, and 
soft vocal sounds. Fig. 2 shows the wide range of 
frequencies produced by these test items. 


Responses. The responses obtained to both sets of 
tests were categorised as being either ‘definite’ or 
‘ill defined’. Only those infants who turned towards 
the sound source were regarded as exhibiting a 
definite response. Any other less definite response 
was categorised as an ‘ill defined’ response. The type 
of response included in this latter category is shown 
in the Table. 






Fig. 2 Portable audiometer with its speakers and 
noiseless switch. 





Loudspeaker Baby 


Q 


Loudspeaker 








Function Box 





Operator 


Switch 


Fig. 3 Diagrammatic representation of location of 
equipment, patient, and tester using pure-tone 
audiometry. 


Table Summary of ‘ill defined’ responses 


1. Turning of eyes but not head 

2. Cessation of activity 

3. Repeatedly turning to mother when sound was made 
4. Laughing in response to test sounds 
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Previous studies have accepted only the 'definite' 
response. We hoped to examine the effect of includ- 
- ing all responses to the sounds. Accordingly response 
rates for both techniques were analysed. Initially 
only ‘definite’ responses were accepted, later both 
‘ill defined’ and ‘definite’ responses were interpreted 
as indicating the presence of normal hearing. 


Results 


Only 535 out of 1070 infants attended the clinic. The 
results reported here are therefore based on this 
sample. At all age levels a significantly greater 
proportion of the children responded satisfactorily 
to conventional tests than to pure-tone audiometry, 
irrespective of the criteria used to define such 
responses. However, the difference was more pro- 
nounced when only ‘definite’ responses were 
accepted (Fig. 4). ; 


Variations in ‘definite’ response rates with age. At 6 
months of age 35% of children responded to pure- 
tone audiometry compared with 57% to conven- 
tional tests. The percentage of ‘responders’ rose 
marginally at 7 months but steeply at 8 months, with 
a response rate of 54% for pure-tone audiometry 
and 77% for conventional tests. Above this age the 
response rate using pure tones rose steadily to 73% 





6 7 10 1] 12 

Age, months 
cme pure tones a s tonss-3ll responses 
—Ewings sethods wees wing methoj-al! responses 


Fig. 4 Percentage of those responding to sounds at 
various ages. 


at 12 months of age while the response rate to 
conventional sounds remained unchanged between 
the ages of 8 to 10 months and then rose steeply to 
reach 89% at both 11 and 12 months. 


Variations in total response rates with age. When 
both ‘definite’ and ‘ill defined’ responses were 
accepted there was a much higher response rate at 
all age levels irrespective of the techniques used. At 
6 months the response rates increased to 64% for 
pure-tone audiometry and to 77% for conventional 
tests. Once again there was only a marginal increase 
in response rates at 7 months followed by a steep 
increase at 8 months to 74% for pure tones and to 
91% for conventional sounds. After a slight dip at 
9 months the response rate using conventional 
methods rose to a maximum 97% at 12 months. The 
response rate using conventional methods rose to a 
maximum 97% at 12 months. The response rate to 
pure-tone audiometry rose to 88% at 10 months, 
but fell to 827; at the 11 and 12 month levels, 
mainly because it was difficult to hold the attention 
of children at that age. 


Outcome of screening. At the outset it had been 
decided that all children who failed to respond to 
conventional tests should be referred for formal 
testing. However in view of the high failure rate up 
to the age of 8 months, any child who failed was 
returned at 9 months and referred only if the results 
were again unsatisfactory. Any child who failed the 
tests after this age was referred immediately unless 
the failure was obviously caused by inattention. 

Using this criterion 12 children were referred for 
full audiometric assessment, 9 of whom were found 
to have normal hearing, 2 were followed up for one 
year because they responded poorly to the test 
stimuli even when the tests were performed under 
ideal conditions, and one child was referred to the 
ear nose and throat hospital. Unfortunately, owing 
to the complexity of the referral system between the 
primary screening and the child being seen at the 
ear nose and throat hospital, no information so far 
is available about the long-term follow-up of this 
case. 


Discussion 


Ewing and Ewing (1944) suggested that only 
‘definite’ responses to test sounds ought to be 
accepted as indicating the presence of normal 
hearing. If these criteria are to be adhered to, the 
findings of this study suggest that neither puré-tone 
audiometry nor more conventional tests (based on 
responses to familiar sounds) are suitable screening 
tests. Hearing tests are generally carried out when 
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the child is about 9 months old and at this age such 
acceptable ‘definite’ responses were obtained only in 
75% of children for conventional tests and in 57% 
for pure-tone audiometry. These figures fall very 
far short of the figure of 90% suggested by Holt as 
the percentage of the normal population who should 
pass any test designed to be used for screening 
(Holt, 1974). This of course depends on the assump- 
tion that most of those who failed the audiometric 
screening tests were in fact normal, an assumption 
which seems justified since not more than one child 
in the sample was in fact found to be deaf. When the 
tests were carried out at age 11 or 12 months the 
response rate became more acceptable but the time 
taken to overcome inattention made audiometric 
screening impracticable. If both ‘definite’ and ‘ill 
defined’ responses are accepted the response rate in 
10-month-old children rises to 95% using conven- 
tional tests and to 87% using pure-tone audiometry 
tests. These observations raise the question, Can ‘ill 
defined’ responses be accepted in the interpretation 
of routine audiometric screening tests? From the 
findings of a study carried out by Langford and 
Bench (1973) it appears that these ‘ill defined’ 
responses can be interpreted correctly by relatively 
inexperienced staff. The technique used in that study 
was similar to pure-tone audiometry in that the 
frequency and amplitude of the sounds being 
produced were standardised and the observer was 
free to concentrate on the type of response being 
elicited. It therefore seems reasonable to suggest that 
all responses to pure-tone audiometry used in this 
study should be accepted. Conventional hearing tests 
on the other hand are virtually impossible to 
standardise on account of the shortcomings of the 
technique. Routine audiometric screening tests are 
generally carried out. by health visitors who have 
been instructed in their proper use. The results of 
this study suggest that the interpretation of either 
pure-tone audiometry or conventional tests ought 
to be within the competence of these same workers, 
but perhaps only ‘definite’ responses should be 
accepted. 

However before either procedure could be adopted 
the problem of delivery and acceptance of service has 
to be considered in view of a default rate of 49% in 
this study. Obviously the characteristics of these two 
clinics are not necessarily representative of other 
areas in Glasgow, but it is well recognised that 
attendance rates at child welfare clinics decrease 
rapidly during the first year of the child’s life 
(Barber et al., 1976). It would be surprising if 
audiometric screening programmes were not subject 
to similar default rates. Thus any routine screening 
programmes would have to be offered on a domici- 
liary basis and it is unlikely that conditions in many 


homes would be suitable for audiometric testing. 
Finally it is doubtful if the resources required to 
achieve universal screening would be justified for a 
condition with a probable incidence of 1 per 1000 
of the population (Neligan et al, 1974) using 
techniques which are of such dubious value. 

It is possible that a health education programme 

designed to make parents more aware of the early 
signs of deafness might prove effective in bringing 
cases of deafness to light at an early age. However 
efforts to achieve universal screening in the detection 
of deafness must not overshadow the need for 
further research in the field of audiometric techniques 
in infancy. 
We thank all who participated in this study especi- 
ally the staff of the clinics in which the study was 
carried out, the children and their parents for their 
co-operation; Mrs E. McLaughlin for help in 
assessing children requiring further training; the 
staff of the Department of Medical Illustration at the 
Royal Hospital for Sick Children; Dr J. P. Stanfield 
for advice; and Mrs E. Barry and Mrs A. Sprang for 
secretarial help. 
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Behavioural treatment of hyperactive children 


R. T. BIDDER, O. P. GRAY, AND R. NEWCOMBE 
From the Departments of Child Health and Medical Statistics, Welsh National School of Medicine, Cardiff 


SUMMARY This study reports the value of behavioural treatment of hyperactive children. Twelve 
children with multiple behavioural problems, including concentration difficulties, were identified 
and treated during a 3-month period. Six of the children began treatment immediately; the other 
6 children received similar treatment but after a delay of between 4 and 6 weeks. Children were 
seen at the clinic or in the home, depending upon the individual difficulties and geographical 
distances. Initially the families were seen weekly, but the frequency later was determined by the 
severity of the problems and the response to treatment. There was a significant improvement in 
the children's behaviour as reported by the parents, the home visitor, and videotaped recordings. 
During the initial period of between 4 and 6 weeks the treated children improved significantly, 
whereas the others, as yet untreated, showed no change. As soon as the treatment was introduced 
to the second group these children's behaviour also improved and to about same extent in 6 weeks 
as the treated children had in up to 12 weeks' treatment. This interesting observation suggests that 
a short period of treatment, only 6 weeks, may be sufficient for most children with hyperactivity. 


This is more feasible with the present-day resources of many departments. 


Hyperactive children are not only troublesome to 
their parents, siblings, and friends, but their 
behaviour prejudices their own personal integration 
into life, their education, and that of others with 
whom they come into intimate contact. They 
constitute a problem which is severe in terms of its 
numerical prevalence and effect upon society 
(Shepherd et al., 1971). It has been suggested that 
hyperactivity lessens or even disappears as the 
child grows older, but some investigations (Menkes 
et al., 1967) have shown that the problems move 
into other areas—such as difficult social relation- 
ships, personal disintegration, and education failure. 

It is difficult to give a precise definition of hyper- 
activity in terms of measures of children's activity 
because there are no norms. The diagnosis usually 
depends upon the parents’ accounts and com- 
plaints together with descriptions by professionals 
after observations. The difficulties in making a 
diagnosis are made more difficult because abnormal 
neurological signs and aetiological factors are often 
absent, although certain clinical features and 
abnormal neurological signs may be present from 
birth which link with difficult behaviour later 
(Minde et al, 1968; Werry, 1968; Kenny ef al., 
1971; Rie, 1975; Dubey, 1976; Rutter, 1977). 
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Drugs often produce only a partial and temporary 
improvement (Barcai, 1971; Satterfield et al., 1973; 
Rie, 1975; Stores, 1975; Barkley, 1977), or may 
lead to adverse side effects. Environmental manage- 
ment is reported to be of considerable importance 
but it has been little studied (Cantwell, 1975; Pond, 
1960, 1961). Observations on older children have 
shown that they improved after behavioural -treat- 
ments (Anderson and Plymate, 1962; Patterson, 
1964; Allen ef al, 1967; O’Leary and O'Leary, 
1972; Kauffman and Hallahan, 1973; Ayllon et al., 
1975; Wulbert and Dries, 1977), but there has been 
very little systematic research on the preschool 
child in the home. 

The purpose of this study was to evaluate the 
benefit of behavioural treatment of young hyper- 
active children. The treatment was aimed at im- 
proving the child's behaviour and enabling the 
family to perceive that the child was easier to 
manage. It was given to pre-schoolchildren so that 
their development and learning should not be 
hampered by behavioural difficulties. 


Materials and methods 


This study was on 12 hyperactive children, including 
one pair of twins. The children were referred 
by health visitors, general practitioners, and 
paediatricians because they were restless and unable 
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to concentrate and their behaviour consequently was 
difficult and disruptive. These features led us to 
describe them as hyperactive. Their hyperactivity 
was demonstrated by the fact that they were unable 
to remain at tasks of their own choosing for longer 
than 5 minutes and the shortness of their attention 
also affected their behaviour in everyday situations. 
Hyperactivity of this degree is almost invariably 
associated with other behavioural disorders. The 
problems which troubled the parents were: con- 
centration difficulties (10 children), poor sleep (7 
children), biting/hitting (8 children), variable moods 
(8 children); outdoor difficulties, visiting/shopping 
etc. (7 children), climbing and escaping (6 children); 
habit difficulties, use of we, dressing, eating (8 
children). The parents complained of 5 or 6 major 
difficulties with each child; they sought help because 
of these features associated with the hyperactivity. 
Each case manifested some form of restlessness. 
In the treatment of some, effort was concentrated on 
the treatment of the hyperactivity itself, and the 
associated problems were treated later if necessary. 
In others it was thought appropriate to concentrate 
on the difficult behaviour first in order to make it 
possible for the child to settle. 

The experimental design of the evaluation was a 
time-series model in which the cases acted as their 
own controls. The families were admitted to the 
investigation in pairs. After the initial assessments 
the treatment of one of each pair was delayed for a 
period of between 4 and 6 weeks; these children 
formed the control group (group C). The child from 
the other family was given treatment immediately 
(group T). The allocation of families to the control 
or treatment groups was random. It was hoped that 
in this way two groups would be matched according 
to the child's development, age, length and severity 
of problems, and social class. 

Visits were made to each child's home to assess 
the family's concern about the abnormal behaviour, 
the nature and frequency of this behaviour (Appendix 
A), and to introduce the treatment plan. Families 
were given an opportunity to opt out of the study if 
they wished. 

Some of the evaluation was conducted by the 
home visitor, a trained social worker, employed for 
the investigation and instructed by one of us 
(R.T.B.). Her duties were to conduct the detailed 
interview, assess the child using items from the 
language and eye/hand co-ordination scales of the 
Griffiths test (Griffiths, 1954, 1970), use a rating 
scale, and to videotape the child's play. The mother 
was asked to record whether the child's behaviour 
had improved, remained the same, or had worsened 
in 24 respects during the preceding 4 to 6 weeks 
(Appendix B). 
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The treatment programme was undertaken by one 

of us (R.T.B.), a clinical psychologist. In addition, 
two nursery nurses who were trained and supervised 
by R.T.B. helped some mothers to carry out the. 
programme in the home. The treatment methods 
included teaching the parents, mainly the mother, 
how to handle the child in a way that would eliminate 
or alter unacceptable behaviour (Berkowitz and 
Graziano, 1972; Foxx and Azrin, 1972; Foxx, 1973; 
Watson, 1973; Gelfand and Hartmann, 1975). For 
example, to deal with the hyperactivity the mother 
was taught to sit the child at a table to do a task. 
The child was made to sit more often and for 
slightly longer than he would do normally in the 
first week, longer again in the second week, and so 
forth, until he could sit for a reasonable length of 
time for his age and ability. Tasks were chosen 
which were both interesting and developmentally 
appropriate. Physical arrangements were designed to 
keep the child at the task and make it difficult ‘for 
him to opt out. 
. The technique was discussed in detail with the 
mother and a procedure was agreed. The mother 
was given charts to complete each week to demon- 
strate the progress. The forms were discussed at the 
next visit and the task was reset, modified, or 
abandoned as necessary. Table 5 gives examples of 
the behaviour in each case, the time taken for 
improvement, and the extent of improvement. 

Two families in each group lived some distance 
away and so were seen in the clinic and received 
fewer treatment sessions. The number of times the 
other families were seen varied depending on 
progress. In some cases the home was visited twice 
a week and about 1 or 2 hours were spent with the 
mother and child to teach the mother how to control 
the child. In other cases the child's management was. 
discussed with the parent during the weekly visits. 
The 2 randomised groups were reasonably well 
matched for sex, chronological age, and develop- 
ment of the child (Tables 1 and 2). 

There were 6 boys in group T and 4 in group C; the 
2 girls were both in group C. Those allocated to group 
T were assessed initially at time 0 (assessment no. 0), 
then they were treated for between 4 and 6 weeks. After 
this period assessment no. 1 was performed, and active 
treatment was continued for a further 6 to 12 weeks; 
at the end of this period a second assessment was 


Table 1 Distribution of age of treated and control cases 


Age Group T Group C 
(controls) 

0-2 1 I 

2-4 2 3 

4-5 3 I 

4-7 0 1 
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Table 2 Distribution of mental development of 





treated and control cases 

Developmental Group T Group C 
level (controls) 
Below average 3 3 
Average 2 2 

Above average 1 i 





performed. Children allocated to group C were 
assessed initially at time 0, then behavioural treat- 
ment was withheld for 4 to 6 weeks; at the 
end of this period assessment no. 1 was carried out, 
and after the next 6 to 12 weeks, during which they 
were given treatment, assessment no. 2 was per- 
formed. 

The parents were given the rating scale, and 
asked to indicate whether each behavioural 
difficulty was better, the same, or worse than it had 
been initially. Copies of the rating scale were com- 
pleted independently by the home visitor at each of 
the two subsequent assessments. 


Results 


Tables 3a and 3b give the results of the parents’ and 
home visitors’ assessments for 10 children. The 
maximum possible range of scores was —24 to 
+24. Table 3a shows that the child with poorest 
improvement in group T during the first period 
scored 7. 11 of the 24 behavioural difficulties had 


significant advance on assessment no. 1 (paired 
t = 1-06, NS). 

In the controls (group C) the mean adjective 
score after the period of observation at assessment 
no. 1 was 1-8 with SD 3:1; this does not represent 
a significant improvement. At assessment no. 2 after 
six weeks’ treatment, a score of 9-2 + 5-0 had been 
achieved, a significant improvement over time 0 
(t = 4-14, P <0-02). Assessments by the home 
visitor showed even greater benefits from treatment. 

Videotape recordings of 9 children at play were 
made at assessments no. 0 and 2 (Table 4). The 
first 7 minutes of each videotape were assessed 
‘blindly’. The observer viewed the tapes in groups 
in random order and noted the number of each tape 
and the durations of co-operative and uncooperative 
play. The results are presented as the duration of 
co-operative play expressed as a percentage of the 
total time. All 9 children in both groups improved 
significantly from time 0 to time assessment no. 2, 
by a very primitive binomial test, this is significant 
at a 2-tailed level of 0-004. 


Discussion 


This investigation was designed to determine 
whether behaviour modification treatment is of 


Table 4 Assessment of 7-minute videotape of play. 
Duratlon of co-operative play as a percentage of 
total duration of seal recorded 





become better, 9 were unchanged, and 4 were worse Croup T Group C 
ment no. 1 was 13:6, with SD 8-8. This shows s ; 3 : 
a significant improvement after treatment (one- 
sample ¢ = 3-46, P < 0-05). At assessment no. 2 1 36 100 Í 4 75 
the mean score was 16-8 with SD 4-9, again showing 3 > Ji A 2o 2: 
a significant improvement over the initial assess- 5 26 94 5 21 94 
ment (f = 8-72, P <0-005), but not a statistically 6 22 7 
Table 3a Parents! assessments taken from the rating scales 
Group Assessment N Best score Worst score Mean SD t 
T i 5 24 (24:0:0) 7 (11:9:4) 13-6 8.8 3.46 P «0-05 
2 5 24 (24:0:0) 12 (12:12:0) 16-8 4-9 7-T2P «0-005 
c EN 5 5 (5:19:0) —3 (1:19:4) 1-8 3.1 1-29 NS 
2 5 15 (14:10:0) 1 (1:23:0) 9.2 5-0 4-14 P«0-02 
Table 3b Home visitors’ assessments taken from the rating scales 
Group Assessment N Bert score Worst score Mean SD t 
T 1 5 17 (18:5:1) 8 (10:12:2) 10-4: 3.8 6-15 P «0-005 
2 5 17 (17:7:0) 15 (15:9:0) 16-4 0-9 41-0 P<0-001 
C 1 5 6 (6:18:0) —6 (0: 18:6) 0-8 4.5 0-39 NS 
2 5 18 (19:4:1) 8 (10:12:2) 12-6 3.7 7-58 P «0.005 


«3 7 


value in the management of hyperactive children. 
The results demonstrate clearly that treatment is of 
value. Group T showed considerable improvement 
after only 6 weeks, whereas the group C which did 
not receive treatment during this period showed no 
significant change. However, once treatment was 
given, group C also showed a considerable im- 
provement confirmed by the parents' assessment of 
the children's behaviour. It may be suggested that 
the improvement which was measured from the 
parents' records was purely subjective. However, 
the parents' records are supported both by the 
home visitors’ records and the independent analysis 
of the videotapes of the child's behaviour. We 
believe therefore that this form of treatment is of 
proved value. One surprising and interesting finding 
is that there is little difference in the improvement 
between the 6- and 12-week course of treatment. 
This suggests that a brief course of treatment-—acute 


Table 5 Behaviour analyses 
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intervention—may be sufficient for many cases, and 
that a more general use of this form of treatment by 
other therapists would be practicable. What this 
investigation does not answer is the length of time 
that the improvement lasts, nor whether less fre- 
quent support thereafter is needed; These questions 
await another inquiry. 

This inquiry did not compare environmental 
management with drug treatment; our experience 
with drugs suggests that improvement is limited in 
its effectiveness and is confined to the period of its 
administration. Drugs are unlikely to increase skills 
that are not being used. 

Our experience so far suggests that the effects 
of behavioural treatment extend beyond the period 
it is given and may extend to other spheres of 
behaviour. 

The behaviour analyses (Table 5) show that 
specific behaviours—for example use of we, 





Cass Presenting behaviour 
1 Poor concentration (3-5 min) 
. Constant demand for background music 


2 Poor concentration (1-2 min) 
Almless/destructive 


3 Poor concentration (1—2 min) 
Cannot self-feed without mess 


4 Continuously talking and restless in play, from 
toy to toy 
Refuses to go to bed and returns frequently every evening 
Demands and argues in shopa 


5 Poor concentration (1-2 min) 


Destructive/aggressive; 8-12 times daily 
Dangerous play, like playing with fire, 2-3 times daily 
Escaping/climbing, running away 6-8 times a day 


6 Poor concentration (1-2 min) 
No toilet training, in nappies 
Falls asleep in living room and wakes up frequently at night 
Habit of chewing and biting, etc 
Table manners, partly spoonfed 


Poor concentration (2-4 min) 
Interrupts play to check on mother every 3—4 min 


=3 


8 Poor concentration (1-2 min) 
Meal times, runs away several times 


9 Unable to concentrate (2-3 min) 
Meal times, climbs on table, restless, throws food 
Night time difficalty 


10 Fuss at bedtime, every evening 
Demands dinky feeder several times a day 
Nappy changing difficult 
Tantrums 5—7 a day 


No toflet training 
Frequent fights during play 


Demand bottle frequently, daily 


tl and 12 


Account of improvement after treatment Time (weeks) 
10-15 minutes and longer 
No music demanded 


Willplay 30 minutes with toys 
Collects toys and books to play with 


7-12 minutes many times a day 
Competent in feeding and neat 


Appropriate talk only. Plays well alone 

Improved both in school and at home 

Goes to bed and stays there 5-6 nights a week 

Appreciates value of money and price of toys, 
seldom fusses 


P d£ bh Lo bo wo 


AH bv 


15-20 minutes, with toys or television often for 
30 min 

1-2 most days 

Not every day 

No change 


Meet 
bet OO CA bo oO eoo oo 


10-15 minutes 

1-2 accidents a week 

Goes to own bed most nights, slecps until 4 a.m. 
Very rare 

Independent and neat at meals 


20—25 min 
Plays alons, checks less frequently 


10-15 minutes, often longer 
Sits at table, no fuss 


10-15 minutes, adult present 
Good at table 
No permanent change 


Goes straight to sleep almost every night 
Bedtimes only, no fuss 

Toilet trained to ask for pot. Few accidents only 
1-3 on 4—5 days 


Completely independent 

Can sit now 20-30 min, also watch television 
together without fights 

Bedtime only 


N AH AUGEN COMA NP AG 
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feeding—improved quickly whereas less defined 
behaviour characteristics—for example concen- 
tration—took longer. Other imprcvements were 
noted, such as increased sociability, but these were 
not measured and therefore cannot be documented. 


We thank the Welsh Scheme for the Development 
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study; Mr R. Blunden, Director, Mental Handicap 
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comments; Mrs A. Woolfe, home visitor, Mrs J. 
Williams and Mrs A. Tilley, nursery nurses, for their 
pert on the home advice; and Mrs C. Rogers and 
Mrs Y. Lewis for the preparation of this manuscript. 


Appendix A 
Problem check list 





Specific problems 
Setting (time, place, etc.) 





Frequency]intensity duration 


Rating scale 


Try to evaluate the child 
How is he now in his behaviour compared with how 
he used to be? 











. Concentration 
. Behaviour at meal times 
Tantrums 
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Successful restoration of immunity in the DiGeorge 
syndrome with fetal thymic epithelial transplant 
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SUMMARY A 13-month-old girl presented with right upper lobe pneumonia and hypocalcaemic 
seizures: investigations showed hypoparathyroidism and impaired cell-mediated immune responses. 
Other features of the DiGeorge syndrome included hypertelorism, short philtrum of the lip, right- 
sided aortic arch, and aberrant origin of the left subclavian artery. Successful restoration of the 
immunodeficiency was achieved by transplantation of fetal thymic epithelium. 


The DiGeorge syndrome is a congenital immuno- 
deficiency disorder characterised by absence or 
hypoplasia of the thymus and parathyroid glands 
(DiGeorge, 1965, 1968). Soon after the description 
of the syndrome successful restoration of cell- 
mediated immunity was reported in 2 patients 
transplanted with fetal thymuses (August et al., 1968; 
Cleveland ef al., 1968). 

In order to reduce the risk of graft-versus-host 
Cisease in immune-deficient subjects (Ammann et al., 
1973; Pyke et al., 1975), some workers have used 
thymuses enclosed in millipore diffusion chambers 
to prevent the egress of donor lymphocytes (Steele 
et al., 1972; Frenkel et al., 1974). Others have used 
Iymphocyte-depleted thymic epithelium instead, and 
reported successful reconstitution o? immunity in 
patients with severe combined immune deficiency 
(Hong et al., 1976; Jones et al., 1977). We describe a 
case of the DiGeorge syndrome successfully treated 
with thymic epithelium. 


Case report 


The patient was a product of a 37-week pregnancy 
aad normal delivery; birthweight 2-4 kg. Except for 
a few 'colds', there were no serious infections during 
infancy. Immunisations with diphtheria-pertussis- 
tetanus and live polio vaccine were well tolerated. 
Her milestones were slightly delayed: she sat without 
support only at 10 months, and stood with support 
at 13 months. She was described as a ‘jittery’ and 
"difficult baby. The parents were healthy and non- 
consanguineous; the father was aged 25 years and 
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the mother 23 years. The only sibling died 6 days after 
birth from respiratory distress: birthweight 1 kg and 
gestation 28 weeks. 

Our patient presented first at the age of 13 months 
with a right upper lobe pneumonia, with mild fever 
and respiratory distress. She weighed 8-3 kg, height 
was 74 cm, and head circumference 45 cm. The 
features were unremarkable, except for a short 
philtrum of the lip and mild hypertelorism (Fig. 1). 

Hb was 13-0 g/dl, red cell count 5:01 x IO" 
WBC count 6:2 x 10°/I with 46% neutrophils, 6 97 
eosinophils, 1% basophils, 29% lymphocytes, 175 





Fig. 1 Facial appearance of patient with the DiGeorge 
syndrome, showing hypertelorism and short philtrum. 
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monocytes, and 1% plasma cells. Barium swallow 
showed a persistent filling defect at T3-T4 level and 
a right-sided aortic arch; this was confirmed by 
bronchoscopy. She was treated with antibiotics and 
physiotherapy and discharged after 2 weeks, 
clinically and radiologically well. 

She was readmitted 2 days later with a generalised 
seizure lasting 3—4 minutes; another convulsion 
occurred the following day. Plasma Ca 1-20 mmol/l 
(4:8 mg/100 ml) (normal 2:25-2:65 mmol/l; 
9-10:6 mg/100 ml), Mg 0-60 mmol/l (1:46 mg/100 
ml) (normal 0- 70-1 -05 mmol/l; 1-7—2: 5 mg/100 ml). 
Plasma concentrations of sodium, potassium 
chloride, glucose, urea, and serum albumin, globulin, 
and thyroxine were normal. À repeat estimation 
showed plasma Ca 1:30 mmol/l (5:2 mg/100 ml), 
Mg 0:60 mmol/l (1:46 mg/100 ml), and P 2-70 
mmol/l (8:4 mg/100 ml) (normal 1:35—1-95 mmol/l; 
4-18-6:04 mg/100 ml). These values were consistent 
with a diagnosis of hypoparathyroidism. 

Correction of the hypocalcaemia was achieved 
by the use of AT 10 (vitamin D2) 1 ml daily, reducing 
to 0:5 ml daily, and calcium in the form of Sandocal 
500 mg twice daily reducing to 500 mg daily. Plasma 
Ca and P gradually returned to normal. Liver 
function tests, cerebrospinal fluid, and microscopy 
of urine were normal. Electrocardiogram normal. 
Initial electroencephalogram (EEG) one week after 
her convulsions was reported as markedly abnormal: 
‘rhythmic high voltage 2—3 cycles per second delta 
waves predominated bilaterally posteriorly, while 
rhythms in the 5—6 cycle per second range were 
prominent in the central region’. These findings may 
merely have been postictal. A repeat EEG 2 months 
after her thymus transplant was considered normal. 
Developmental assessment suggested a delay of 
about 3 months behind chronological age. 


Materials and methods 


Immunological investigations were carried out by 
standard techniques: serum concentrations of 
immunoglobulin (A,G,M) by commercially available 
radial immunoassay plates (Behringwerke, West 
Germany); IgE by radioimmunoassay (Pharmacia, 
Sweden); lymphocyte transformation to mitogens 
and allogeneic cells by a microculture method (Thong 
et al., 1973); T cells by E-rosette formation (Schein- 
berg et aL, 1976); B cells by surface immuno- 
globulins detected with polyvalent  fluorescin- 
labelled antiserum (Cooper et al., 1971). Biopsy of 
the left inguinal lymph node was performed 5 days 
after subcutaneous injection of 0:5 ml TAB vaccine. 
' For transplantation, a thymus was obtained from 
a 20-week-old fetus delivered by hysterotomy as a 
therapeutic procedure. It was cut into 1 cm size 


pieces and pressed gently against a 250 um-size 
stainless steel mesh, washed thoroughly, and put 
into plastic tissue culture flasks containing RPMI’ 
1640 medium with 10% fetal calf serum, 100 U/ml 
penicillin, and 100 ug/ml streptomycin. After 8 
days at 37°C in a 5% CO,-air atmosphere, the 
epithelium was removed and washed several times 
to get rid of any contaminating lymphocytes. It was 
minced into tiny pieces with sterile scissors. A half- 
thymus equivalent of this lymphocyte-depleted 
epithelium was divided into two portions; one was 
injected into the peritoneal cavity and the other into 
the right gluteal region with a 16-gauge needle. - 


Results 


Serum immunoglobulin levels on first admission: 
IgG 9:4 g/l, IgA 0:5 g/l, IgM 2:25 g/l, and IgE 10-8 
U/ml. T cells were 28% (normal 50-65%), B cells 
40% (normal 15-2572, and *H-thymidine uptake 
after stimulation of lymphocytes by phytohaemag- 
glutinin (PHA) was 1742 cpm as compared with 611 
cpm in unstimulated cultures. Skin testing showed 
negative delayed hypersensitivity response to candida 
antigen. 

Histology of the inguinal node showed normal 
architecture but marked hypocellularity. Several 
small poorly formed follicles were present in the 


- cortex, with inactive germinal centres containing no 


identifiable mitotic figures or macrophages and only 
a few large lymphoid cells. The Ppostcapillary 
venules of the paracortex were prominent, but the 
adjacent tissue contained few small lymphocytes, 
large lymphoid cells, or mitotic figures. Plasma cells, 
eosinophils, and neutrophils were present, and 
histiocytes and reticulin cells prominent. No small 
lymphocytes were seen in the lumen of a post- 
capillary venule or passing through the wall of such 
a vessel. There was no clear demarcation between the 
hypocellular paracortex and medulla, and similar 
cells were seen in both areas. The sinuses contained 
predominantly histiocytes with some eosinophils and 
neutrophils. The presence of these cells is evidence 
of the recent antigenic stimulation. The presence of 
follicles in the cortex and numerous plasma cells 
throughout the node is indicative of normal B cell 
function. There were occasional large lymphoid cells 
and mitotic figures in the paracortex, suggesting 
some T cell functional capacity, but the appearance 
of the paracortex was indicative of a severe T cell 
defect (Fig. 2). ; 

After transplantation of thymic epithelium, her 
lymphocytes showed marked response to PHA 
stimulation when tested one week later (Fig. 3). 
There was an increase, though transient, in E-rosette 
percentage in the second week, E-rosettes remaining 
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low throughout the period of follow-up. PHA 
responsiveness was maintained throughout and the 
response was excellent to mixed lymphocyte culture 
o? 3471 cpm ?H-thymidine uptake to heterologous 
cells compared to 400 cpm to autologous cells. 
Thoracotomy performed at age 18 months (3 
months after thymus transplantation) showed that 
an aberrant left subclavian artery arising from a 
right-sided aortic arch was responsible for the filling 
defect of the oesophagus on radiography. Thymic 
tissue could not be found in the mediastinum. 





RA. 


Fig. 2 Appearance of lymph node before thymus 
transplantation—specifically stimulated left inguinal 
node. The tissue was embedded in epoxy resin and the 
section is only 0-5 um thick. (A) Low power view 
showing cortex and deeper areas. (H & E » 35.) 

(B) High power view showing a postcapillary venule 
(PCV) and the adjacent tissue in the paracortex. Plasma 
cells, polymorphonuclear cells, histiocytes, and a few 
small lymphocytes are identifiable. A mitotic figure is 
seen (arrow) near the PCV. Hypocellularity of tissue is 
obvious. (H & E x 290.) 
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A lymph node taken from the superior media- 
stinum at operation showed normal architecture and 
cellularity. In the cortex were many follicles with 
large active germinal centres having macrophages, 
large lymphoid cells, and mitotic figures. The para- 
cortex showed much more cellularity than in the 
initial biopsy, with small lymphocytes predominating. 
Large lymphoid cells and mitotic figures were seen 
in the vicinity of most postcapillary venules, plasma 
cells in the paracortex and medulla, but eosinophils 
and neutrophils were sparse. Few histiocytes were 
identifiable in the sinusoids and these structures were 
much less conspicuous than in the initial biopsy. 
These features indicate greatly increased T cell 
functional capacity, especially as this lymph node 
was selected at random from a site not subjected to 
specific antigenic stimulation (Fig. 4). 

Follow-up at age 22 months showed that lympho- 
cyte PHA responsiveness was maintained, but E- 
rosettes were persistently below normal levels. She 
continued to be clinically well and free from respira- 
tory infection. Developmental assessment suggested 
that she had caught up, although her communication 
was essentially nonverbal. This had happened despite 
a family break-up. Serum calcium levels were stable 
on treatment with vitamin D2 and oral calcium 
supplements. 


Discussion 


The aetiology of the DiGeorge syndrome is unknown. 
Its occurrence is generally sporadic, although 
familial transmission has been established in one 
case (Steele eż al., 1972). It has been postulated that 
some pathological event at the 6-10th week of 
embryonic life can account for most of the features 
of this syndrome (DiGeorge, 1965, 1968; Hitzig, 
1973), as the thymus, parathyroid, and aortic arch 


Fig. 3 Lymphocyte responsiveness to 
phytohaemagglutinin and T and B cell 
subpopulations before and after 
transplantation with fetal thymic 
epithelium. 
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Fig. 4 Appearance of lymph node 3 months after 
thymus transplantation—mediastinal node excised at the 
time of thoracotomy (exploration of vascular anomaly). 
The tissue was embedded in paraffin and the section is 

5 um thick. (A) Low power view of cortex and 
paracortex. (H & E x 30.) (B) High power view of an 
area comparable to that in Fig. 1B. Recirculating 
lymphocytes are seen passing through the wall of a post 
capillary venule (PCV). Small lymphocytes are 
numerous and a large lymphoid cell can be seen (arrow). 
The increased cellularity is obvious. (H & E x 290.) 


structures are being formed from outgrowths of the 
third and fourth pharyngeal pouches. In the same 
period, facial structures undergo rapid development. 

Our patient presented with all the major features 
of the DiGeorge syndrome, including functional 
hypoplasia of the thymus and parathyroid glands, 
right-sided aortic arch, aberrant origin of the left 
subclavian artery, hypertelorism, and short philtrum 
of the lip. The unusual aspect of this case was the 
late presentation at the age of 13 months. Most 
cases present in early infancy with tetany and infec- 
tion (Hitzig, 1973). Although the history of jittery 
symptoms and delayed milestones was highly 
suggestive of hypocalcaemia, tetanic seizures were 
absent. Further, her lymphocytes had minimal 
reactivity to PHA and there was some cellular 
activity (presumably T cell) in the paracortex of the 
initial lymph node biopsy. These findings suggest 
that parathyroid and thymic function were not 
completely absent. 

The thymus plays an important role in develop- 
ment of the immune system (Miller, 1961; Martinez 
et al., 1962). There is evidence that this influence is 
mediated by means of humoral factors elaborated by 
thymic epithelium (Trainin and Linker-Israeli, 1967; 
Goldstein ef al., 1972). Some believe that close 
contact between thymic epithelium and lympho- 
cytes are important (Pyke er al., 1975; Pyke and 
Gelfand, 1974). The use of thymic epithelium for 
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transplantation offers several advantages: the tissue 
can be injected with a syringe; since donor lympho- 
cytes have been removed, there is virtually no risk of 
graft-versus-host disease, and transplanted thymic 
epithelium has been observed to attract host 
lymphocytes and assume the morphology of the 
thymus (Hong et al., 1976) allowing direct lympho- 
cyte-epithelium contact. 

Thymus transplantation is not always successful 
in this syndrome. Patients can succumb to hypo- 
caleaemia and its complications, or to serious 
infections before the benefits of immunological 
reconstitution are realised (Steele et al., 1972; 
Touraine et al., 1974). Failure to reconstitute immune 
responsiveness was noted in one case after three 
attempts with thymus transplantation (Astaldi et al., 
1977). 

The results of thymus transplantation in our 
patient were gratifying. Lymphocyte responsiveness 
to PHA rose to normal levels within a week. 
Comparison of lymph node morphology before and 
after transplantation also showed marked improve- 
ment of histological appearance. We observed a 
transitory increase in the percentage of E-rosettes. 
Others have noted a gradual increase to normal 
levels (Good, 1976) or no increase (Cleveland and 
Glade, 1976). Good (1976) observed that immune 
reconstitution may be sustained for only a few years 
in some cases, and retransplantation may be 
necessary. However, the first patient ever to receive 
a thymus transplant continues to be immuno- 
competent after 9 years (Cleveland and Glade, 1976). 


We thank Professor George Maxwell for advice; 
Antonio Ferrante and Brenton Rowan-Kelly for 
technical assistance; and Colleen Lloyd and Mark 
Stevens for illustrations. 
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Position of the apex beat in childhood 
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SUMMARY The position of the apex beat in relation to the midclavicular and nipple lines and the 
intercostal spaces was studied in 353 healthy Jamaican children from birth to 10 years. The traditional 
use of the midclavicular line as a reference point in relation to the apex beat is not an accurate 
index of normal heart size at all ages. For this purpose actual measurement of the apex beat, which 
ranges between 2-8 and 5-4 cm from the midline, should be made. However, for a rough estimate of 
normal cardiac size the midclavicular line may be used. In contrast, the nipple line lies outside the 
apex beat at all ages; it should not be used in the clinical evaluation of normal cardiac size. From 
birth to age 3 years the apex beat is located in the 4th intercostal space and with increasing age 
gradually moves into the 5th space in most children. 


In clinical practice the intercostal space (ICS), the 
midclavicular line (MCL), and sometimes the nipple 
line (NPL) are used as reference points to assess the 
position of the apex beat (AB). While some authors 
(White, 1951; Dammann, 1959) state that the AB 
in normal children of all ages is in the fourth left 
intercostal space (4LICS), others (Julian, 1970; 
Julian and Turner, 1974) assert that irrespective of 
age the AB is usually in the fifth space (SLICS). With 
regard to the relationship of the AB to the mid- 
clavicular line (MCL), White (1951) states that in 
children of all ages it is normally beyond this line. 
In contrast, Julian (1970), and Julian and Turner 
(1974) have reported that the AB is at or within the 
MCL. These assertions may be correct as far as they 
concern adults as all the authors, except Dammann, 
are eminent cardiologists who deal primarily with 
adults. The only other reference to the normal AB 
in childhood is by Kaplan (1975), who states that 
the AB is in the 4LICS from birth to age 2 years and 
thereafter is in the SLICS. It is also noteworthy that 
no standard textbooks on paediatric cardiology 
(Taussig, 1960; Nadas, 1963; Keith et al, 1967; 
Watson, 1968) attempt to define the position of AB 
in normal children. 

In view of the above seemingly contradictory 
statements the present study was undertaken to 
evaluate clinically the AB in relation to the MCL, 
NPL, ICS, and chest circumference in normal 
children of different ages. 
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Subjects and methods 


The subjects consisted of healthy Jamaican children 
selected from among (8) newborn babies in the 
obstetric wards, and also those attending the infant 
welfare clinic, University College Hospital of the 
West Indies, Kingston, (b) children attending day- 
care nurseries, and (c) children attending the Mona 
Primary School and the Hope Valley experimental 
School in Kingston, Jamaica. The children were 
selected after appropriate clinical examination to 
exclude cardiorespiratory disorders and chest 
deformities. Any child with a cardiac murmur was 
excluded even if it was thought to be an innocent 
murmur. Similarly children with any degree of 
respiratory disorder were excluded. 

The AB, defined as ‘the furthermost point of 
visible cardiac pulsation in the praecordium down- 
wards and to the left at which the finger is distinctly 
lifted’ (Julian and Turner, 1974), was determined in 
the erect position in children aged between one and 
3 years, in the supine position in the newborn babies, 
and in both the erect and supine positions in the 
others. The AB was evaluated in each child inde- 
pendently by 3 investigators. Before the study started 
each investigator had examined several normal 
children of different ages to ensure there was close 
agreement on the methodology. In adopting this 
procedure the: investigators were satisfied that 
observer errors were eliminated or were of little 
significance. Furthermore, measurement from the 
midline of the AB, as well as all other measurements 
undertaken by S.R.M. and A.G. were confirmed 
by A.U.A. 


585 


586 Antia, Maxwell, Gough, and Ayeni 


The midline was established by joining a central 
point in the suprasternal fossa to the xiphisternal 
angle, ànd the distance of the AB and of the nipple 
was measured from this midline. The extreme medial 
and lateral ends of the left clavicle were identified 
and the corresponding points. on the skin marked 
with ink. The length of the clavicle represented by 
those points marked on the skin was similarly 
measured. Half of the clavicular length was taken as 
corresponding to the MCL. During measurements 
in both the erect and supine positions, the upper arms 
were lightly pressed against the chest wall so as not 
to stretch the skin. The chest circumference in full 
inspiration was measured at the level of the nipples. 
All measurements were recorded on the centimetre 
scale to the nearest millimetre. 


Results 


Out of 1000 children examined clinically, 353 (167 
boys and 186 girls) were selected for the study; their 
ages ranged from birth to 10 years. 337 of the 
subjects were of Negro descent, 10 were Chinese, 
and 6 Indian. 

Table 1 gives the mean distances, in erect position, 
of the AB, MCL, and NPL from the midline. The 
mean AB distances ranged between 3:8 and 5-7 cm 
for both sexes and increased with increasing age. In 
the age group 1 to 3 years, the mean distance of the 
MCL was significantly less (P<c0-05) than that of 
the AB. By contrast, the mean distance of the MCL 
at ages 4, 9, and 10, was greater (P<0-05) than that 
of the AB. The mean distance of the NPL at all ages 
was consistently greater than that of the AB and 
MCL, the difference being highly significant 
(P<0-001). Fig. 1 shows the mean (--2SE) apical 
distance in the erect position for children aged 
between 4 and 10 years. The progressive increase in 
the mean values with increasing age is evident. 
Tatle 2 shows the mean apical distances in the 
erect and supine positions. It will be observed that 


Table 2 Mean apex beat distances from the midline 
in supine and erect positions for both sexes and 


according to age 








Age Supine Erect 
(years) t-value P 

n x SD n x SD 
N 2 2-8 04 .— — — = n 
1- —_- —_ — 11 3-8 0-4 — — 
2- — —_ — 17 4-1 0-7 — — 
3- — — — 12 4.7 0-3 NN — 
4— i4 4-6 0.5 i4 4.6 0.4 0-00 0.9 
s- 37 4.9 0.7 37 5.0 0.8 0-57 20.5 
6- 48 5-0 0-8 48 5-1 0-5 0.73 20-4 
7- 48 5.0 '0-7 48 5.2 Q7 1.40 20.1 
8- 52 5-3 O-8 52 5-4 06-6 0-72 0-4 
3 48 5:3 0-7 48 5-5 90-5 1-61 0.1 
10— 46 5-3 0-7 46 5.7 0-6 2.94 « 0.01* 
a 
X - mean; SD = standard deviation; n = number of subjects; 
N = = neonate. 
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Fig. 1 Mean + 2SE of the apical distance from. 
the midline in erect position according to age. 
Note the progressive increase in the mean values with 
increasing age. 
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Table 1 Mean apex beat (AB), midclavicular line (ACL), and nnne line (NPL) distances for both sexes from the 


midline in erect position according to age 








Age (vearz)^ No. of children Mean distance (cm) - SD Student's t-values 
MCL NPL AB vy. MCL AB v. NPL MCL v, NPL 

1- I1 3-8 + 0.4 3-4 4 0.3 5.2 4: 0.4 2-65* 8.21** 11-94** 
2- 17 4-1 :: 0-7 3.7 4 0-6 5-6 4- 0.5 1-79 7.[9** 10-03** 
3- 12 4-7 4: 0-3 4.2 -4 0-3 5.6405 4-06** 5.35** 8.32** 
4— 14 4-6 £ 0-4 Q 4S +03 6-6 + 0.6 2.24** 10.38** 9.48** 
5- 37 5.0 + 0-8 5.1: 0-3 6-4 + 0-4 0-71 9.52** 15-82** 
6- 48 5.1 + 0-5 5.2 + 0-4 6.6 40-5 1-08 14-70** 15.15** 
7- 48 5.2 + 0-7 5.3 407 6.6 + 0-5 0-86 11-28** 14-.07** 
8- 52 5.4 + 0-6 5-4 4 0-4 6.8 + 0-6 0-00 11-90** 14-00** 
9- 48 5.5 + 0.5 5.8 + 0-4 7-1 + 0-6 3.25* 14-19** 12.49** 
10- 46 547 4: 0-6 6.0 + 0-4 7-3 4: 0-6 2-82* 12-79** 12-23** 

*Significant difference (P «0-05); **highly significant difference nO 
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although the mean distances of the AB in the erect 
position were consistently higher than the corres- 
ponding values in the supine position, the differences 
were not significant except at the age of 10 years. 
The normal distance in centimetres of the AB from 
the midline may be obtained for children aged 
between one and 10 years, using an age formula 
(AB = 3-8 + 0-2 x age in years). Table 3 compares 
the measured mean apical distances for every year of 
life with the éxpected mean distances using the 
above formula. 

The position of the AB in relation to the ICS is 
shown in Table 4. The AB was in the 4LICS in all 
the 61 subjects from birth to 3 years. Among 14 
children aged 4 years, the AB was in the 4LICS in 8 
(57%) and in the SLICS in 6 (43%), while in 37 
children aged 5 years, it was in the 4LICS in 29 
(7872, and in the 5LICS in 8 (22%). Thereafter, 
with increasing age the AB gradually moved into 
the 5LICS so that at the age of 10 years it was in the 
SLICS in 37 (81%) of 46 subjects. Fig. 2 shows the 
age at which transition of the AB from the 4LICS 
to the 5LICS occurred. It must be noted however, 
that there were few children in the age group 5-10 


Table 3 Mean distance of the apex beat (AB) and 
predicted mean apical distance from the first birth day 
using the formula (AB = 3:8 + 0-2 X age) 


Age (years) AB distance (cm) from the ML 
Measured mean Predicted mean 
1- 3.8 4-0 
2- 4-1 4-3 
3 4.7 4.4 
4. 4-6 4-6. 
5- ` 5.0 4-8 
6- 5.1 5.0 
J- 5-2 5-2 
8- 5.4 5.4 
9— 5.5 5.6 
10- - 5.7 5.8 


Table 4 Position of apex beat in relation to the 


intercostal spaces according to age 
Age (years) No; and % of cases 


4LICS JLICS 
No pA No. p^ 
Birth-3 61 100-0 — — 
4. 8 37-1 6 42-9 
s- 29 78-4 8 21-6 
6— 28 58-4 20 41-6 
T- 28 58.3 20 41-7 
8- . 17 32.7 35 67.3 
$- 19 20-9 38 79-2 
10- 9 19-5 37 80.5 
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Fig. 2 Position of the apex beat in relation to the 
intercostal spaces. The apex beat was in the 4LICS in 
all the subjects below the age of 4 years. 


years in whom the AB could still be located in the 
4LICS. 

Table 5 summarises the correlation between the 
distance of the AB in the erect position and the chest 
circumference. In all the age groups the correlations 
were generally poor, the values ranging between 0-08 
and 0-37. The correlations for ages 7-9 years were 
nevertheless significant (P<0-05). However, for all. 
ages. together the correlation was much higher 
(r = 0:61, P« 0-001). : 


Discussion 


According to Dressler (1959), the position of the 
apex beat in childhood varies with age as well as with 
various physiological factors which cause a shift of 
the apical portion of the left ventricle towards the 


Table 5 Correlation between the distance of the apex 
beat from the midline in erect position and the chest 





circumference for both sexes 

Age (years) No. of subjects r P 
1- 11 0.23 0.1 
2- 17 0-32 20-1 
3- 11 0.35 0-1 
4- 14 —0-08 0.1 
5- 37 0-30 20.05 
6- 48 0.19 20.01 

'oq4- 48 0-37 -0-01* 

8- 52 0-33 <0-Q2* 
9- 48 0-34 —0-02* 

10- 46 0-25 >0-05 

All ages 333 0-61 <0-001* 

"Significant positive correlation, 
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chest wall. The predominating pulsatory movement 
of the thoracic wall under physiological conditions 
giving rise to the apex beat is the systolic thrust of 
the Jower third of the frontal aspect of the left 
ventricle towards the anterior wall cf the thorax. 
Since the thickness of the left ventricular wall 
increases with age (Cruz et al., 1960) the position of 
the apex beat in childhood in relation to the MCL, 
NPL, and ICS would be expected tc change with 
age, as well as the chest circumference. 

The above facts seem not to have been taken into 
ccnsideration when White (1951) and Dammann 
(1959) stated that the apex beat was in the 4LICS in 
normal children of all ages. Indeed, the latter author 
went on to state that *when the apex beat is felt in 
the SLICS in childhood the probability of left 
ventricular enlargment must be entertained’. Simi- 
larly to state that the apex beat in normal children 
of all ages is in the 5LICS, as asserted by Julian 
(1970) and by Julian and Turner (1974), ignores the 
expected progressive increase of the left ventricular 
wall which takes place throughout childhood. 

The study has shown that the traditional use of the 
MCL and NPL as reference points in relation to the 
AB is not an accurate index of normal cardiac size. 
At some ages (1 and 3 years) the mean distance of 
the MCL was less (P«0-05) than that of the AB, 
while in others (4, 9, and 10 years) this mean distance 
was greater (P<0-:05) than that of the AB. In other 
words, the AB is within the MCL in neonates, 
infants, and other children up to the age of 3 years, 
while it is outside this line in most older children. 
Furthermore the position of the NPL in relation to 
the AB was well outside the AB in children of all 
ages, the mean distance of the NPL being consistently 
greater (P«c0-001) than that of the AB. 

With regard to the position of the AB in relation 
to the intercostal spaces, the study also shows that 
it is incorrect to assert that the AB is in the 4LICS 
in all children from birth to the age of 2 years and 
thereafter in the 5LICS (Kaplan, 1975), or that it is in 
the SLICS in children of all ages (Julian, 1970; 
Julian and Turner, 1974). The present study shows 
that in all children up to the age of 3 years the AB 
is in the 4LICS. In 57, 78, 58, and 58% of children 
aged 4, 5, 6, and 7 years respectively, the AB was 
still present in the 4LICS, but from the age of 8 to 
10 years it was in the 4LICS in only 25 %. 

A direct correlation was found between the 
distance of the AB and the chest circumference in 


the age group 7-9 years and not in the younger age . 


groups. This may be explained by the fact that in 
children below the age of 7 vears the chest circum- 
ference was perhaps not measured in full inspiration. 

From the present study the following conclusions 
can be drawn. (a) The mean distance of the apex 


beat in the supine position from the midline in 
normal children from birth to the age of 10 years 
varies between 2:8 and 5:4 cm. (b) The MCL asa 
reference point in relation to the AB is not an 
accurate index of normal cardiac size for children 
of all ages. However, compared with the NPL it is 
a better reference point for estimating normal cardiac 
size. (c) The NPL is of no value in assessing normal 
cardiac size. It should therefore not be used in 
clinical practice. (d) Under the age of 4 years the AB 
is normally in the 4LICS; between 4 and 7 years it 
may be found in either the 4 or SLICS; thereafter 
it is located in the SLICS in most children. 

From these conclusions it is recommended that in 
clinical practice the evaluation of normal cardiac 
size in children should be carried out by actual 
measurement of the AB from the midline. From the 
first birthday onwards the AB is about 3:8 cm plus 
0-2 cm for every year of age. 
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Short reports 


Repeat lumbar puncture in the 
diagnosis of meningitis 


Case report 


A 10-week-old baby boy was admitted with a 14- 
hour history of continuous screaming. He had 
vomited several times and passed a loose yellow 
stool. Before this illness he had been well. He was 
the first child of a 20-year-old mother and was a 
term normal delivery. Primary immunisation had 
been started. ! 

On admission he was febrile (39°C), irritable, and 
cried throughout examination. Pulse 200/minute and 
regular. Head circumference 41-5 cm. Pupils were 
equal in size and reaction. Optic fundi were normal. 
There was no neck stiffness, but tone was increased. 
Blood pressure 105/60 mm Hg. Other abnormalities 
noted were an umbilical hernia and a moderately 
severe monilial napkin rash with satellite lesions. A 
provisional diagnosis of meningitis was made. 
Lumbar puncture was normal. WBC (13 000 mm? 
(13 x 10*/D and 63% neutrophils), plasma electro- 
lytes, calcium, and glucose were normal. Blood 
cultures were done (Table 1). 

Eleven hours after admission the infant's con- 
dition had deteriorated. He now had a cerebral cry 
and grunting respirations. Chest x-ray showed a 
patchy opacity in the right lower zone and a repeat 
WBC (14 000/mm? (14 x 10/1) and 72% neutro- 
phils) was suggestive of a bacterial infection. In- 
travenous gentamicin and penicillin were started. 

One hour later the infant had a constricted left 


Table 1 Laboratory findings in the case described 


pupil and intermittently the eyes deviated to the 
right. Head circumference now was 42 cm. The 
fontanelle was full and the optic disc margins were 
blurred. 

Bilateral subdural taps were performed and 
0-5 ml blood-stained fluid was obtained on the 
right and only a few drops on the left. The glucose 
in this fluid was reduced (0-55 mmol/l; 9-9 mg/ 
100 ml) and a second lumbar puncture was per- 
formed 14 hours after the first, and 28 hours after 
the onset of symptoms. This cerebrospinal fluid 
(CSF) showed changes compatible with bacterial 
meningitis (Table 1). 

Treatment with gentamicin and penicillin was 
continued. The infant’s condition gradually im- 
proved, but on the third day of illness the head 
circumference increased to 42:8 cm and he again 
became pyrexial. Subdural taps were repeated and 
5-0 ml fluid was obtained from the right side. He 
was discharged well on the 20th day. Six weeks 
after the onset of the illness he had increased tone 
on the right and a normal electroencephalogram. 
No organism was isolated from blood cultures. One 
CSF specimen grew a few colonies of a Gram- 
negative diplocuccus, but these did not grow in 
subculture. No meningococcal antibodies were 
isolated from the CSF. 


Discussion 


The chances of unscathed survival from neonatal 
and infant meningitis are small (Heckmatt, 1976). 
The situation can be improved in three ways: swift 
diagnosis, improved therapy, or by prevention. 
Lorber (1976) has shown that intensive treatment 


Time after Time after WBC RBC Protein Globulin ar Culture Gram 

onset of admission (h) (0-91D (1079JI) (iD GnmoljT) stain 

iliness (h) 

14. t I 0-240 0-54 Slight 3.6 Nil No organisms 
increase seen 

21 13 Masses — — 0.55 - Gram- No organisms 

(Subdural fluid) negative seen 
diplococci 

28 14 4.8 1:8 6-0 Great 0-55 NH Polymorphs 
increase 

70 56 25.0 0 6.0 Great 2-1 Nil Polymorphs 
increase 

94 80 0.154 0-004 2-8 Increase 2-85 Nil Polymorphs 


Conversion: SI to traditional units —Glucose 1 mmol/l 18 mg/100mtl. 
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has much to offer. The purpose of this report is to 
emphasise the principal pitfalls in early diagnosis. 

Many authors have stressed the insidious onset of 
meningitis in early life. The symptoms have in- 
cluded virtually any alteration in the infant’s 
pattern of behaviour. Often irritability or loss of 
interest in feeds is the only clue (Yu and Grauaug, 
1963). The signs may be slight and the temperature 
may be raised, normal, or low. Neurological signs 
appear only later (McCracken and Shinefield, 1966). 
The case presented, although just out of the neonatal 
period, illustrates all these points. In addition it 
demonstrates the rapid progression from nonspecific 
ill-health with negative blood and CSF bacteriology 
to grave illness with classical CSF changes of 
purulent meningitis. 

Heckmatt (1976) described 2 patients with 
neonatal meningitis and negative CSF findings. The 
first blood culture and repeat CSF examination were 
positive. Rapkin (1974) described 5 patients with 
bacterial meningitis of diverse aetiology, aged 
between 10 hours and one year. All 5 had a negative 
lumbar puncture, but the initial blood culture was 
positive. After the blood culture a second lumbar 
puncture was performed at a varying time after the 
first and all showed changes of purulent meningitis. 
He concluded that bacteraemia or septicaemia 
implied the likelihood of meningitis and that it was 
essential that meningitis be.excluded with certainty. 
A positive blood culture made a repeat puncture 
mandatory. Fischer et al, (1975) reported 11 patients 
in whom the initial CSF was negative, but both the 
blood culture done at that time and the second 
CSF sample grew an organism. 

These papers raise two questions. Does a lumbar 
puncture in the presence of bacteraemia produce 
meningitis ? A cisternal puncture in bacteraemic dogs 
may produce meningitis but there is no evidence 


that this occurs with lumbar puncture in bacteraemic . 


children (Shinefield, 1975). Does a positive blood 
culture make a second lumbar-puncture mandatory? 
Fischer et al, (1975) felt that a positive blood culture 
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made careful observation of the patient essential and 
that any deviation from the expected clinical course 
warranted a repeat lumbar puncture. However the 
exception is the neonate, who because of the paucity 
of clinically reliable signs should have a repeat CSF 
when blood culture is positive. i 
. The case presented here differs from the 18 cited 
in that the initial blood cultures were negative and 
the CSF changes were more rapid (Table 2). It 
emphasises that a single negative lumbar puncture 
does not rule out meningitis, and tbat a repeat 
examination is indicated if the clinical condition 
deteriorates. If meningitis is suspected blood 
cultures should be taken at the time of the initial 
CSF examination. In the newborn and the very 
young child a positive blood culture indicates the 
need for a repeat CSF puncture without waiting for 
clinical deterioration. Other indications for repeat 
CSF examinations are the differentiation between 
blood of traumatic origin and that arising from the 
pathological process of Escherichia coli meningitis 
(Heckmatt, 1976), or between bacterial and viral 
meningitis (Feigin and Shackleford, 1973); as a 
guide to the effects of treatment; or an indication 
when to stop treatment (Lorber, 1976). 

Repeat puncture can help diagnosis and manage- 
ment. It should be considered wherever clinical and 
laboratory evidence appear to be in conflict. 


Summary 


Meningitis may be difficult to diagnose. If it is 
suspected clinically and a first lumbar puncture is 
normal, a second cerebrospinal fluid (CSF) sample 
may be required within a few hours to confirm the 
diagnosis. A child is presented in whom CSF was 
normal 14 hours after the onset of illness, but who 
14 hours later showed the characteristic changes of 
purulent meningitis. This case differs from those 
previously cited in the literature, in that the blood 
cultures taken at the time of the first lumbar punching 
were also negative, 


Table 2 Relationship between initial blood culture and second CSF 


Age of onset Initial blood culture result Result of second CSF sample* (WBC) Time intervalt (h) 
9 months Diplococcus pneumoniae 110/mm?. Gram-positive diplococc! 16 
{ year Haemophilus influenzae 8000/mm?. Gram-negative rods 48 
2 months Group A B-haemolytic streptococcus 950/mm?. No growth 48 
10 hours Listeria monocytogenes 6400/mm?. Gram-positive rods 14 days 
15 days Escherichia coli 1500/mm?. Gram-negative rods 20 days 
8 months Neisseria meningitidis 4250jmm3. Gram-negative diplococci . 24 
15 months Haemophilus influenzae 2554/mm3. 24 
1 day Escherichia coli . 1880/mm3, 24 
4 years ` Haemophilus influenzae 3970/mm5, Gram-negative rods 


Cases 1-5 from Rapkin (1974); Cases 6-9 from Fischer ef al. (1975). 


* All initial CSF examinations gave negative results 


+The time interval between 


first and second CSF examinations. 
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Note added in proof: Since submission of this 
report we have seen a febrile, unwell 4-year-old boy 
in whom the interval between the negative initial 
lumbar puncture and the positive (Neisseria menin- 
gitidis) second lumbar puncture was § hours. The 
first blood culture was sterile, while the second blood 
culture grew the organism. 
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Significance of intracranial bruits 
in neonates, infants, and young 
children 


The presence of an intracranial bruit (ICB) was 
first recorded by Fisher (1834). Reports suggest 
several possible causes of ICBs in infants and 
children. Local factors include cerebral arterio- 
venous fistulae and meningitis (Allen and Mustian, 
1962; Mace et al., 1968). General factors that have 
been incriminated are anaemia, pyrexia, hyper- 
thyroidism, and exercise (Allen and Mustian, 1962; 
Ford, 1966). 

In studies confined to children, ICBs have been 
heard in, 5-29% of otherwise normal children 
(Moore and Baumann, 1969). On closer analysis, 


some workers have found an equal incidence in 
young infants and older children (Hughes and Todd, 
1953), while others report a lower incidence in 
infants (Mace et al., 1968). 

Furthermore, controversy also exists regarding the 
frequency of ICBs with associated cardiac murmurs 
(Hughes and Todd, 1953; Farahmand et al., 1964). 

The present study was therefore undertaken to 
analyse the aetiology and significance of ICBs in 
the age range one day to 3 years, as well as the 
relationship of ICBs to cardiac murmurs which was 
felt to have some relevance in the diagnosis of 
cerebral arteriovenous fistulae in children presenting 
with cardiac failure. 


Patients and methods 


Initially 76 children aged one day to 3 years chosen 
randomly from a children's hospital and neonatal 
section of a maternity hospital were examined. In 
each case the patient was auscultated for the 
presence of an ICB as well as a cardiac murmur. 
General factors which could possibly predispose to 
ICBs were noted, particularly anaemia. All the 
patients were normothermic. 

The results showed that it was necessary to 
increase the numbers of subjects with cardiac 
murmurs, particularly the very young infants. A 
further group of patients with cardiac murmurs and 
associated cardiac abnormalities, also chosen 
randomly, was therefore examined. 

The patients were divided into two main groups. 
Group A consisted of 56 subjects who were normal 
neonates, premature infants, or children with 
medical conditions—such as respiratory distress 
syndrome, gastroenteritis, cerebral damage, nutri- 
tional disorders, and neonatal jaundice—but who 
had no cardiac murmurs. Group B consisted of 102 


. subjects with cardiac murmurs. 


The patients in each group were further sub- 
divided into three age ranges: 1 day to 1 month (36 
in group A, 38 in group B), > 1 month to 4 months 
(7 in group À, 31 in group B), and — 4 months to 
3 years (13 in group A, 33 in group B) (Figure). 

Using the bell and diaphragm of the stethoscope, 
and with the patient quiet and at rest, the skull was 
auscultated over the vertex, the temporal areas, and 
the occiput. ICBs were classified into three grades 
according to the classification of Mace.et al. (1968): 
grade I, short systolic bruit heard only between 
respirations after careful auscultation; grade II, 
systolic bruits easily heard but obliterated by 
respiratory sounds; and grade HI, pansystolic or 
continuous bruits heard above the sounds of 
respiration. Carotid artery compression was not 
applied. - 
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Figure Incidence of intracranial bruits (unshaded areas) 
in three different age groups: one day to one month, 

> one month to 4 months, > 4 months to 3 years: with 
and without associated cardiac murmurs. 


Results 


Group A (no associated cardiac murmurs). Of 56 
patients examined, 36 were aged 1 day to 1 month, 
and 7 were in the age range > 1 month to 4 months. 
None had ICBs (Figure). Of 13 older patients aged 
4 months to 3 years, 4 had ICBs (31%), one being 
grade L, one grade II, and two grade III. Two of the 
4 were found to be anaemic, both with Hb 9-1 g/dl. 
There were thus significantly fewer ICBs in the 
younger infants age range 1 day-4 months when 
compared with older patients > 4 months-3 years 
(y* = 14-25, P« 0-005). 


Group B (with cardiac murmurs). 102 patients were 
examined, 23 being found to have ICBs (Figure). 
Of 38 aged 1 day to 1 month, 2 (5%) had ICBs and 
there were 2 (772) also among 31 patients in the 
middle age range. In these 4 babies the grade of 
intensity of the ICBs was I or II. Of 33 patients in 
the older age range (> 4 months to 3 years) 19 
(58%) had ICBs. The intensity varied from grade I 
to III with 6 of the patients regarded as grade III. 
On closer analysis, it was found that all the 23 


. patients with ICBs had precordial murmurs of 


intensity grade III/VI or greater. Thus the 2 (10%) 
ICBs in the younger age range occurred among 21 
such patients, the 2 (1124) in the middle age range 
among 19, and the 19 (63% in the older age range 
among 30 patients with murmurs of this intensity. 
When the incidence of ICBs in the first two age 
groups is compared with the last group, there is a 
significant difference (P<.0-01—Fisher). 
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Discussion 


The results show that ICBs occur considerably less 
often in neonates, even in the presence of significant 
cardiac murmurs. This observation agrees well with 
the investigation of Mace et al. (1968) who found 
ICBs in only 2 (0-8%) of 250 control patients aged 
0 to 5 months compared with an incidence of 20% 
(41 of 213) in children aged 6 to 36 months. Even in 
the presence of purulent meningitis the incidence of 
ICBs was lower in the age group 0-5 months (40%) 
than in the age group 6-36 months (82°). Similarly, 
Hope and Izukawa (1973) reporting on a series of 
]4 cases of intracranial arteriovenous fistulae com- 
ment that auscultation of 100 unselected neonates 
showed that cranial murmurs are rare, only one 
ICB having been heard. These and our findings may 
be contrasted with those of Hughes and Todd (1953) 
who found an almost equal incidence of ICBs in 
the age group 0-12 months (13:875) and the age 
group 12-36 months (15-492). However, these latter 
authors have no detailed breakdown of the ages of 
their positive cases in the crucial age group 0-4 
months. The significance of our observations re- 
garding the very young infant has not been appreci- 
ated, although the rising incidence of ICBs with age 
has been previously documented. The inference can 
be made that in an infant under the age of 4 months, 
an ICB is unlikely to be heard in the absence of a 
local lesion. If present, in association with cardiac 
murmurs, the ICB is usually grade I or M in in- 
tensity. A grade III ICB and associated signs and 
symptoms of cardiac failure in such a young infant, 
is we consider, strongly suggestive of a cerebral 
arteriovenous fistula. The corollary—namely that in 
the presence of an intracranial AV-—fistula an ICB is 
very likely to be heard-—was shown to be true by 
Cunliffe (1974), who found that ICBs were present in 
12 out of 14 patients aged 0-4 months with an intracra- 
nial AV-fistula, and similarly by Hope and Izukawa 
(1973) in 6 of 7 infants in their own series. Likewise, 
we have diagnosed 3 cases of cerebral AV--fistula 
before cardiac catheterisation based on the obser- 
vation that in addition to signs of cardiac failure 
each of them bad a grade III ICB. These infants 
presented at ages 2 days, 6 weeks, and 3 months. 

In contradistinction, an ICB in an older infant or 
child does not have the same significance, where 
factors other than a local lesion may be the cause. 
The incidence of 4 out of 13 (3122) found in our 
control group (4 months-3 years) agrees closely 
with the previously reported figures (Hughes and 
Todd, 1953; Mace et al., 1968; Moore and Baumann, 
1969). A general factor such as anaemia may be 
incriminated (Ford, 1966).as was found in 2 of the 
4 patients with ICBs referred to above. 
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The incidence of ICBs in the cardiac group (23 
out of 70) was significantly higher than the control 
group 4 out of 56 (Q? = 12-03, P«0-001), when 
only cardiacs with murmurs cf intensity grade III/VI 
or more were considered. Again age was a factor in 
determining the prevalence of ICBs in association 
with cardiac murmurs. Thus 4 out of 40 (10%) 
infants aged 1 day to4 months had ICBs compared 
with 19 out of 30 (63%) children aged 4 months to 
3 years (P« 0-01 (Fisher) y? = 22-10, P«0:0005). 
Since most cases with an ICB in this study had 
associated cardiac murmurs grade III to V/VI, con- 
duction from the chest along the carotid and verte- 
bral vessels might explain the phenomenon. 

The conclusion of this study, in conjunction with 
some of the reported findings, suggests that further 
investigation is indicated in infants under the age of 
4 months with an ICB of grade III intensity. A 
computerised axial tomographic scan with contrast 
injection would be appropriate. If cardiac failure is 
also present, the first choice of diagnostic procedure 
might be cerebral angiography to confirm the 
presence of an intracranial arteriovenous fistula. 


Summary 


In a control group an intracranial bruit (ICB) was 
heard in 4 of 13 children aged between 4 months 
anc 3 years, but in none of 43 younger infants 
between the ages of one day and 4 months. In a 
group of 70 infants with cardiac murmurs of 
intensity grade III/VI or more, 19 of 30 aged between 
4 months and 3 years had an ICB, compared with 
4 of 40 younger infants aged between one day and 
4 months (P < 0-0005). It is concluded that in 
infants under the age of 4 months, even in the 
presence of a loud cardiac murmur, an ICB is 
rarely heard. The presence of an ICB, with or with- 
out signs of cardiac failure, strongly suggests an 
‘intracranial arteriovenous fistula. 
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Propranolol as an antihypertensive 
agent 1n children 


The antihypertensive effect of propranolol, a f- 
adrenergic blocking agent, is well established in 
adults (Holland and Kaplan, 1976), but there is 
little information on it in children. This report 
describes the antihypertensive effect of oral pro- 
pranolol in children with hypertension. 


Materials and methods 


Nine patients with hypertension were studied. 
Their diagnoses are given in the Table. 

Plasma renin activity was measured with the 
patient on an ad lib. salt diet, off all treatment with 
drugs, and in the supine position (normal values are 
0-2-6 ng/ml per hour). 

Blood pressure (BP) was measured in tbe supine 
position using a cuff which covered two-thirds of 
the upper arm. Diastolic BP was recorded as the 
muffling of the Korotkoff sounds. To test exercise- 
induced tachycardia, patients were asked to run on 
the spot for one minute. Heart rate was measured 
before and after exercise. i 

Propranolol was started at a dose of 0-5 mg/kg 
per day divided 3 or 4 times a day. Dosage was 
increased until BPresponded or side effects developed. 
Patients were on the drug 3-7 days before the effect 
of the treatment was assessed. 

Two patients were on no other drug during the 
study; 2 received diuretic plus a-methyldopa, and 
3 received diuretic plus hydrallazine. The dosage of 


gr d 


other medications was constant beginning 2 weeks 
before propranolol was started and continuing 
throughout the study period. 


Results 


Average BP before propranolol was 152/110 mmHg; 
average pressure after propranolol was 126/90 
(Figure). Systolic BP dropped an average of 26 
mmHg (P«0-01). Diastolic BP dropped 20 mmHg 
(P« 0-01). A fall in BP was seen in each patient 
(Table). The propranolol dose varied between 0:6 
and 6:4 mg/kg per day, averaging 2:5 mg/kg per 
day. 

The average heart rate before propranolol was 
102 per minute, falling with propranolol treatment 
to 83 (range 52-120 per minute). 

Four patients were tested for exercise-induced 
tachycardia while taking propranolol: all showed 
an increase in heart rate after exercise. Mean 
resting heart rate was 85 per minute, and post- 
exercise was 106. 

There was no correlation between pretreatment 
plasma renin activity and fall in either systolic 
(r—0-01) or diastolic (r=0-15) BP during treat- 
ment. Similarly there was no correlation between 
plasma renin activity and dose of propranolol 
required to lower BP. There was no significant 
change in weight before or after propranolol. The 
BP response to propranolol was similar in patients 
taking or not taking diuretics. ; 

One patient developed a resting bradycardia with 
heart rate 52 per minute, in association with leth- 


'argy; these disappeared when propranolol dosage 


was decreased and hydrallazine was added. An- 
other developed mild anorexia which disappeared 
without change in dosage. 


Discussion 


Propranolol is an effective antihypertensive agent in 


children; it is well tolerated. The most common side 
effect is bradycardia, which is dose dependent. 


Table Antihypertensive effect of propranolol 


Case no. Age Blood pressure Propranolol 
(years) ore dosage 
propranolol (mmHg) (mg/kg per day) 
1 5 140/100 1-8 
2 8 158/109 4.0 
3 14 183/137 6.4 
4 13 132/98 l 3.1 
yo 16 151/98 0.9 
6 15 190/150 1-0 
7 2 140/100 1:2 
8 15 150/104 3.5 
9 11 126/89 0-6 
Mean 9.5 152/110 2.5 
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Figure Effect of propranolol on 9 children with 
hypertension. 


Severe bradycardia can be managed by decreasing 
the dosage and/or adding a vasodilator drug such 
as hydrallazine which tends to produce tachy- 
cardia. Patients in this study were able to increase 
heart rate with exercise while taking propranolol, 
indicating only partial B-blockade. - 

The mechanism of the antihypertensive effect of 
propranolol is currently being debated. Part is 
related to suppression of renin release (Laragh et al., 
1972). However, several investigations have shown 
that the antihypertensive effect of propranolol (in 
adults) does not correlate with the decrease in 
plasma renin levels that occurs with this treatment 
(Michelakis and McAllister, 1972; Tarazi and 
Dustan, 1972). Decreased cardiac output and 
direct CNS effects may also be important mech- 
anisms (Holland and Kaplan, 1976). 


Plasma Diagnosis 
(ng/ml per hour) 
14-2 Renal artery stenosis 
^ 8:7 Post haemolytic uraemic syndrome 
8.2 Interstitial nephritis 
ND Post-transplant 
8-4 Postrenal trauma 
5-0 Cockayne's syndrome 
ND Post-transplant 
4:6 Systemic lupus erythematosus; nephritis 
10-0 Systemic lupus erythematosas; nephritis 
8.4 j 





? 
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The effectiveness of propranolol in our patients 
may be related to the elevated plasma renin activity, 
although the degree of plasma renin elevation before 
treatment did not correlate with the fall in BP. 
Studies in hypertensive adults have shown that 
propranolol may be effective even when the renin is 
not elevated (Holland and Kaplan, 1976). Further 
data will be needed to determine if plasma renin 
activity will predict the antihypertensive effect of 
propranolol in children. The plasma concentration 
of propranolol varies markedly in adults given the 
same oral dose (Nies and Shand, 1975), and this 
probably explains the wide range of dosage found to 
be effective in this study. 

Our arbitrary goal in treating hypertension in 
children is a diastolic BP of 85-90 mmHg or less. 
Several patients in this study received additional 
medications after the propranolol trial period. Using 
propranolol combined with other agents, a diastolic 
BP of 85 mmHg or less was achieved in most of the 
patients. : 

Theoretically it might be ideal to achieve a normal 

BP for age in hypertensive children, in whom one 
must be concerned about a 40-60 year follow-up, 
but there is no proof that this is essential, while the 
number of drugs and their side effects multiply 
when such an attempt is made. Patients who are 
asked to endure such side effects may stop com- 
plying with the treatment. There is also the im- 
portant and poorly answered question about growth 
rates in children on large doses of antihypertensive 
drugs. In view of these considerations we do try to 
achieve a BP normal for age, but only when it can 
be done with well tolerated doses of antihypertensive 
drugs. 
We conclude that propranolol is a safe and 
effective antihypertensive agent in children, which 
has been effective when other drugs—including 
a-methyldopa, hydrallazine, and , diuretics—have 
been ineffective. Because it blocks D-adrenergic 
receptors, it is contraindicated in patients with 
asthma and congestive heart failure. It should not 
be used in patients with phaeochromocytoma 
unless an a-adrenergic blocking agent is. given 
simultaneously (Pritchard and Ross, 1966). 


Summary 


The antihypertensive effect of oral propranolol was 
studied in 9 children with hypertension. After 
treatment with propranolol, systolic blood pressure 
fell by an average of 26 mmHg (P « 0-01). Dia- 
stolic pressure decreased by 20 mmHg on average 
(P < 0-01) The mean propranolol dose was 2:5 
mg/kg per day. Side effects included bradycardia 
and anorexia. There was no correlation between 


pretreatment plasma renin activity and fall in blood 
pressure. Propranolol is an effective and well 
tolerated antihypertensive agent in children. 


This work was supported in part by Clinical In- 
vestigation Projects Grant number 5-16—445. The 
opinions expressed are those of the authors and 
are not to be construed as reflecting the views of 
the US Navy. 
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Heights and weights of West Indian 
children with the sickle cell trait 


The sickle cell trait (genotype AS) appears to offer 
young children some protection from falciparum 
malaria and, with few exceptions, appears to be 
benign. A recent report that children in Philadelphia 
with the sickle cell trait were smaller in size and 


-— 


poorer in mental development than control (geno- 
type AA) children (McCormack et al., 1975) must, 
therefore, be viewed with concern. The selection in 
this series of the 19 AS children from twin pairs and 
possible differences in socioeconomic and other 
factors between the controls and those with the 
trait may, however, have been responsible for the 
differences. 

A longitudinal study in a Jamaican community on 
200 children with normal haemoglobin and 21 
children with the sickle cell trait reached different 
conclusions from that of, the Philadelphian in- 
vestigation (Ashcroft et al., 1976). Socioeconomic 
state, school attendance, and family background did 
not differ significantly between the two groups and 
each child had been brought up in a smali uniform 
community. Mean heights and weights did not 
differ significantly at 2 years of age or at 10 years, 
and classroom behaviour, sociability, and edu- 
cational achievement were also no different when 
assessed at 10 years of age. 

Additional studies in Dominica and Jamaica have 
now enabled more extensive comparisons of the 
size of West Indian children with AA and AS 
haemoglobin. 


Methods 


An anthropometric and haematological survey was 
undertaken in 1975 in two schools on the island of 
Dominica in the eastern Caribbean. 750 pupils (aged 
5-12 years) at Goodwill Primary School in Roseau, 
the capital, and a random sample of 250 in the same 
age range at the primary school in Portsmouth, the 
next largest town on the island, participated. 
Another survey was undertaken in four schools 
(Jack's River, Albion, Camberwell, and Long Road) 
in rural areas in the parish of St Mary, Jamaica, in 
1976. 

Heights and weights were measured by standard 
techniques, with children wearing clothes but not 
shoes. Venous blood was taken for routine haema- 
tological investigations which included electro- 
phoresis on cellulose acetate (pH 8-4) and on agar 
gel (pH 6:2). Comparisons were limited to AA and 
AS children and other genotypes have been ex- 
cluded from the results. 


Results 


The Figure shows the heights and weights of 66 
boys and 50 girls in Dominica aged 6-10 years with 
the AS genotype compared with those of 344 boys 
and 318 girls with the AA genotype. No con- 
sistent differences in mean heights or weights at 
yearly age intervals were found, although AS boys 
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Figure Mean heights and weights of Dominican 
schoolchildren with AA and AS genotypes. 


at 6 and AS girls at 7 years of age were significantly 
shorter (P<0:05). There were very few children 
aged 5, 11, or 12 and they have therefore not been 
included in the results. 

In Jamaican schools the number of children was 
smaller.and therefore a different method of com- 
parison was used. There were 24 boys and 30 girls 
aged 6-12 years with the AS genotype compared 
with 266 boys and 279 girls with the AA genotype. 
Means and standard deviations (SD) of heights and 
weights of both sexes with normal haemoglobin 
were calculated for yearly age intervals, and esti- 
mates for individual months were derived from 
straight lines connecting these points. The height 
and weight of each child with the sickle cell trait 
was then expressed as a ‘standard score’, being the 
number of standard deviations by which the measure- 
ment differed from the. mean of the AA subjects of 
the same sex and age. Mean scores for height and 
weight of boys and girls with the trait were slightly 
greater than those of children with normal haemo- 
globin. Children with the sickle cell trait were on 
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average 0:5-1-0 cm taller and 0-5—1:0 kg heavier 
than the others. However, these differences were 
not significant (z test) at different ages or when all 
ages were combined (Table). 


Table Standard scores of height and weight of 
Jamaican children aged 6-12 years with AA and AS 
haemoglobin 





Height score Welght score 
Genotype n ————— a 
Mean SD Mean SD 
Boys 
AAY 266 0-00 1-09 0-00 1-00 
AS 24 0-11 0-91 0-10 1-00 
Girls 
AAt 279 0-00 1-00 0-00 1.00 
AS 30 0-10 0-95 0.30 1.35 


*Mean and SD are 0-00 and 1-00 by definition (seo text). 
Discussion 


The results of the present studies agree with earlier 
observations in Jamaican children (Ashcroft ef al., 
1976) and in Jamaican adults (Ashcroft et al., 1969) 
that no significant differences exist between heights 
and weights of AS and AA subjects. The only long- 
term population study to compare the health of AS 
and AA subjects is one from Jamaica (Ashcroft and 
Desai, 1976). Mortality and morbidity were similar 
in 119 AS adults and 856 AA adults followed up 
for 12 years. The evidence therefore suggests that, 
with the exception of rare vascular occlusive 
episodes which may occur in severe anoxia, the AS 
genotype'is benign and is not associated with 
abnormalities of growth. 


Summary — 


No consistent differences were found in mean 
heights and weights of 170 schoolchildren aged 
6-12 years with the sickle cell trait and 1247 school- 
children with normal haemoglobin living in Dominica 
and Jamaica. 


We thenk the staff of various institutions in Jamaica 
and Dominica who made this investigation possible. 
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Weaning very low birthweight 
infants from mechanical ventilation 
using intermittent mandatory 
ventilation and theophylline 


The prognosis for very low birthweight infants with 
severe hyaline membrane disease (HMD) requiring 
mechanical ventilation has improved in recent years 
(Roberton and Tizard, 1975), partly because of 
improved ventilation technique (Kirby ef al., 1972; 
Reynolds, 1974). The duration of mechanical 
ventilation may still be protracted, particularly in 
very low birthweight infants. The ventilator de- 
pendence of some of these infants seems.to be owing 
to inadequate ventilatory effort and therefore 
treatment with xanthines, which have been used 
effectively in neonatal apnoea (Shannon ef al., 1975), 
might faciltate their weaning from mechanical 
ventilation. 

This report describes two very low birthweight 
infants with severe HMD who were weaned from 
mechanical ventilation using both continuous-flow 
intermittent mandatory ventilation (MV) (Kirby er 
al., 1972) and oral theophylline. 


«C 


Case reports 


Case 1. An infant born after 28 weeks’ gestation and 
weighing 1090 g developed severe clinical HMD and 
at 11 hours progressed from endotracheal continuous- 
positive airway pressure (CPAP) to continuous-flow 
IMV using a pressure-limited, time-cycled venti- 
lator *(Campbell, 1976). Arterial oxygen tension 
(Pao,) was greater than 50 mmHg (6650 Pa) in 
25% inspired oxygen concentration by the 4th day, 
and normocarbia- (Paco, < 45 mmHg (5985 Pa)) 
on minimal IMV—peak pressure 20 cm H,O, 
positive end-expiratory pressure 6 cm H,O and 
frequency 6 cycles/min—was achieved on the 7th 
day. He breathed on CPAP for at least one hour 
(maximum 3$ hours) on 19 occasions from the 8th 


to the 11th day; Paco, was greater than 50 mmHg 


on 7 of 14 determinations made after a CPAP 
interval. On 3 other occasions, apnoea and brady- 
cardia developed within 30 minutes. of beginning 
CPAP; after the last of these episodes, which 
occurred on the 11th day, the IMV rate had to be 
increased to 10 cycles/min to maintain normocarbia 
and avoid bradycardia associated with hypopnoea. 
Plasma electrolytes and glucose were normal, there 
was neither systemic infection nor clinical persistence 
of the ductus arteriosus, and the lungs were radio- 
graphically normal. Oral theophylline, 1:8 mg/kg 
every six hours, was begun on the 12th day; within 
14 hours he tolerated an IMV rate of 6 cycles/min 
without apnoea, bradycardia, or hypercarbia, and 
within 27 hours he breathed on CPAP without 
arterial blood gas or clinical need for IMV. He was 
extubated on the 13th day. The Paco, during the 
24 hours before theophylline was begun (42:4-1-11 - 35 
(mean + SD) mmHg, n = 10) was not significantly 
different from that during the 24 hours after 
(46:2 + 10-01, n = 8). Theophylline was ceased on 
the 17th day at a time when there was no respiratory 
distress and arterial blood gases were normal in 
room air. Within 36 hours of theophylline being 
ceased, the infant was tachypnoeic with retractions 
and 30% inspired O, concentration was needed to 
maintain normoxaemia. Chest x-ray, which had 
previously been normal, showed 'hazy' lung fields, 
consistent with chronic pulmonary insufficiency of 
prematurity (Krauss. et al, 1975; Bednarek and 
Roloff, 1976). Paco, during the four days before 


theophylline was ceased (36-0 + 4-56, n == 9) was 


significantly lower than that during the five days 
after (42-8 + 6:08, n = 4) (Mann-Whitney U test, 
P « 0-05). Plasma theophylline was not measured 
in this infant. 


*Campbell Ventilator. Ulco Engineering Pty. Ltd, 21 
Shepherd Street, Marrickville, NSW 2204, Australia. 
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Case 2. An infant born after 28 weeks’ gestation and 
weighing 1170 g developed severe HMD and was 
begun on continuous-flow IMV at four hours. Pao, 
was greater than 50 mmHg (6650 Pa) in 25% in- . 
spired O, concentration by the 3rd day, and normo- 
carbia on mimimal IMV— peak pressure 16 cm H,O, 
positive end-expiratory pressure 5 cm H,O and 
frequency 6 cycles/min—was achieved on the 4th 
day. He breathed on CPAP for between one and 
two hours on five occasions on the 5th day; the 
Paco, was less than 50 mmHg after each CPAP 
period but two periods terminated with apnoea and 
bradycardia. After the second of these episodes the 
IMV rate was increased to 12 cycles/min to avoid 
bradycardia with hypopnoea and maintain normo- 
carbia. Plasma electrolytes and glucose were normal 
and neither systemic infection nor persistence of the 


ductus arteriosus was evident. Chest x-ray was 


abnormal, but the coarse reticular pattern present 
was not prominent. Oral theophylline, 2-0 mg/kg 
every six hours, was begun on the 5th day (Figure); 
within 5 hours he tolerated one-hour intervals of 
CPAP without apnoea, bradycardia, or hypercarbia 
and within 22 hours he was weaned to CPAP with- 
out need of IMV. He was extubated on the 7th day. 
Paco; during the 24 hours before theophylline was 
begun and while on IMV (41:3 + 4:07, n = 7) was 
significantly higher than that after (34:2 + 3:62, 
n = 8; P < 0:005) (Figure). Theophylline was ceased _ 
on the 13th day. Paco, during the five days before 
theophylline was ceased (33:8 + 4-00, n = 11) was 
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significantly lower than that during the six days 
after (48:3 + 10-03, n = 6; P < 0-001) (Figure). 
He did not require a higher ambient O, concen- 
tration and the chest x-ray was normal after theo- 
phyline was ceased. Plasma theophylline con- 
centration on the 8th day was 17 ug/dl. 


Discussion 


IMV (Kirby et al., 1972)—augmentation of spon- 
taneous ventilatory effort with a ventilator fre- 
quency sufficient to maintain normocarbia and 
prevention of CO, rebreathing by continuous gas 
flow—allowed recognition of dependence on low 
ventilator rates without which the two infants in 
this report developed apnoea or hypopnoea and 
bradycardia or hypercarbia. The minimal IMV and 
supplemental O, requirements to maintain normal 
arterial blood gases, and the normal or near normal 
chest x-rays suggested that the ventilator dependence 
of the infants was owing to inadequate ventilatory 
effort and not to pulmonary parenchymal disease. 
The relative ease with which they were weaned to 
CPAP and then extubated after treatment with 
theophylline supports this suzgestion, since the drug 
is of proved value in the spontaneously breathing 
preterm neonate with apnoea (Shannon et al., 1975). 

The mechanism whereby xanthines exert their 
beneficial effect. in neonatal apnoea is unknown, 
though they have been reported not to increase 
alveolar ventilation, since Paco, was unaffected 
(Shannon et al., 1975; Bednarek and Roloff, 1976). 
However, the fact that in both infants Paco, was 
lower while they were receiving theophylline than 
after, and that in one infant Paco, was higher before 
theophylline was given than after, suggests an increase 
in alveolar ventilation during treatment with theo- 
phylline. The development of chronic pulmonary 
insufficiency of prematurity (Krauss et al., 1975) 
after theophylline was omitted in one infant also 
suggests that theophylline may have an effect on 
alveolar ventilation, since the condition is char- 
acterised by.low lung volume and ventilation/ 
perfusion unevenness (Auld, 1975) 

When very low birthweight infants recovering 
from HMD are dependent on slow-rate IMV 
without which they develop apnoea or hypopnoea 
and/or hypercarbia, treatment with theophylline 
may facilitate weaning from mechanical ventilation. 


Summary 


Two very low birthweight infants with severe 
clinical hyaline membrane disease requiring mech- 
anical ventilation were dependent on slow-rate 
intermittent mandatory ventilation, without which 


they developed apnoea or hypopnoea and hyper- 
carbia. Their ventilator dependence was apparently 
owing to inadequate ventilatory effort, and treatment 
with oral theophylline allowed easy weaning to 
continuous-positive airway pressure and extubation. 
Paco, was significantly lower during theophylline 
treatment, suggesting that the drug may have im- 
proved alveolar ventilation. 
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Right-sided congenital diaphrag- 
matic herniae presenting as pleural 
effusions in the newborn: dangers 
and pitfalls 


Early thoracentesis is recommended both for 
diagnosis and therapy in pleural effusions of the 
newborn. These case reports show the need for 
caution in placing a thoracostomy tube and describe 
the investigational pitfalls associated with this 
unusual presentation of right-sided congenital 
diaphragmatic hernia. 
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Case reports 

Case 1. After a pregnancy complicated by maternal 
systemic lupus erythematosus, this 2778 g white 
baby boy was delivered at 38 weeks' gestation. 
Labour was spontaneous with the membranes 
ruptured artificially immediately before a normal 


vaginal delivery. Apgar score was 8 at 1 minute 
and 8 at 5 minutes. At age 3 hours moderate 


respiratory distress in 30% O, was noted with. 


grunting, nasal flaring, and cyanosis. Chest x-ray 
was normal. 


Cultures (which subsequently grew group B f- 
haemolytic streptococcus) were obtained and treat- 
ment with ampicilin and gentamicin was started. 
Hydrocortisone was also given because of maternal 
prednisone therapy. - 


When transferred to this centre at 30 hours of 
age, the baby was imr moderate respiratory distress 
and the abdomen was markedly distended. A. naso- 
gastric tube was in place and he had received no 
feeds. A repeat chest x-ray showed a large right- 
sided pleural effusion with the mediastinum slightly 
shifted to the left and otherwise normal lung fields. 
The baby's condition deteriorated and a diagnostic 
and therapeutic thoracentesis was performed through 
the 4th intercostal space in the posterior axillary 
line, A size 12 Fr plastic (Argyle) cannula intro- 
duced with an internal trocar initially obtained 2 ml 
sterile sero-sanguinous fluid. The cannula was then 
advanced and immediately produced 35 ml grossly 
bloody fluid. During the next six hours 100 mi 
whole blood was required by transfusion to correct 
hypotension, the systolic BP at one time dropping 
from 60 to 34 mmHg. The chest tube continued to 
drain about 10 mi of this fluid daily. The distended 
abdomen was dull to percussion. À paracentesis 
performed at the time of the thoracentesis produced 
7 mi sterile sero-sanguinous fluid. 

The deterioration in his respiratory state con- 
tinued and when an F,o, of 0-8 was needed for 
satisfactory oxygenation, ventilator therapy was 
initiated. He subsequently developed severe dis- 
seminated intravascular coagulation, renal failure, 
congestive heart failure, and sclerema, all probably 
the result of the §-haemolytic streptococcal septi- 
caemia, and died on the 10th day of life. 

Necropsy revealed (a) a right congenital dia- 
phragmatic hernia of Bochdalek with the apex of 
right hepatic lobe in the right hemithorax—the 
chest tube was inserted into the superior aspect of 
this lobe; (b) bilateral pulmonary hypoplasia; (c) 
multiple abscesses, both bacterial and mycotic; 
and (d) extensive hypoxic changes in the brain, 
kidneys, and intestine. 
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The next case had many similarities but, happily, 
not such a tragic end. 


Case 2.. This 2400 g white baby boy was born at 
35 weeks' gestation after a normal pregnancy. He 
developed mild respiratory distress in the first hour 
of life requiring 35% O, to achieve satisfactory 
oxygenation and a chest x-ray at that time revealed 
mild pulmonary infiltrative changes bilaterally with 
normal positioning of the diaphragm. Antibiotics 
were started after blood cultures weré obtained; 
these cultures later grew group B -haemolytic 
streptococcus. He was transferred to the Newborn 
Intensive Care Unit at the University of Colorado 
Medical Center where his respiratory distress 
gradually worsened. With the Fjo, at 0-8 at 30 
hours of age, ventilator therapy was instituted. 
Chest x-ray at this time showed a large right-sided 
pleural effusion with bilateral hilar reticular densities 
without mediastinal: displacement. A thoracentesis 
was performed through the midaxillary line at the 
4th intercostal space with a 23 gauge scalp vein 
needle. The tap produced grossly bloody fluid and 
& 12 Fr plastic (Argyle) cannula (without trocar) 
was then inserted at the same site. A small skin 
incision was made and a channel into the chest 
made by means of a curved haemostat. The chest 
tube, held in the clamp, was then inserted and 
secured. 22 ml of the same fluid was immediately 
drained. Despite disseminated intravascular co- 
agulation, hyperglycaemia, hyperbilirubinaemia re- 
quiring exchange transfusion, and sclerema, the 
baby slowly improved after day 4. The chest tube 
continued to drain grossly bloody fluid until day 8 
of life when clearing was noted—the subsequent 
fluid contained no lipid, and had a protein of 3-1 
mg/100 mi (31 g/D and the quantity increased from 
10 ml to 100 mi daily. The diagnosis of congenital 
diaphragmatic hernia was made and a liver scan 


performed which revealed the right lobe of the liver 


in the right hemithorax. 

At the age of 13 days a large right sided dia- 
phragmatic hernia of Bochdalek was repaired —70 % 
of the liver was found to be in the chest cavity and 
the liver was noted to be congested and ‘weeping’ 
from its superior surface. The lungs were normal in 
appearance. After surgery the baby did well and 
was discharged on day 22. 


Discussion 


The problem of right-sided congenital diaphrag- 
matic herniae has been reviewed by Blank and 
Campbell (1976) but our two cases illustrate aspects 
of the problem which need to be emphasised. 
Pleural effusion is an unusual although well described 
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accompaniment of right-sided hernia (Canino et al., 
1964; Kirchner et al., 1975; Blank and Campbell, 
1976). As the liver herniates through the defect, 
obstruction to hepatic venous outflow may cause 
vascular congestion with transudative weeping of its 
surface. In extreme cases strangulation of the liver 
may occur (Ravitch, 1956). 

Even with knowledge of this association, several 
factors may prevent correct radiological diagnosis. 
(a) Pulmonary inflammatory disease may be simu- 
lated by an effusion associated with concomitant 
atelectasis of adjacent lung tissue. Also, as hernia- 
tion may be intermittent, this misdiagnosis may be 
perpetuated by improvement on the x-ray as the 
liver descends. (b) Àn effusion may obscure the 
shadow of either an abnormal diaphragm or an 
abnormally high liver. (c) The position of the liver 
is often initially normal (Canino et al., 1964) with 
herniation occurring gradually. (d) The liver may 
act as a bulwark preventing intestinal herniation, 
thereby producing a normal abdominal gas pattern 
on x-ray. 

Once considered, the right-sided hernia can still 
be very difficult to demonstrate preoperatively. 
Liver scans are helpful but only in locating the 
liver. They do not locate the diaphragm and will 
not differentiate between eventration and herniation. 
A more definitive test is to demonstrate com- 
munication between the thoracic and abdominal 
cavities. This may be done by insufflating a small 
amount of air (or CO,) via paracentesis and demon- 
strating a pneumothorax on x-ray (Baker et al., 
1959; Kenny ef al., 1977). Nevertheless, many cases 
continue to be diagnosed at operation or necropsy. 

In recent reports, thoracoscopy has been ad- 
vocated for the diagnosis of intrathoracic lesions. 
This technique requires the transthoracic insertion 
of a standard peritoneoscope allowing direct 
observation (Rodgers and Talbert, 1976). This 


method may prevent needless thoracotomies when. 


such a diagnosis as congenital diaphragmatic 
hernia is in doubt. 

Because of the difficulties in making a firm 
diagnosis of right-sided hernia, associated pleural 
effusions are likely to be investigated on the same 
lines as those of other aetiologies. In these effusions, 
thoracentesis is of paramount importance. Clearly, 
during this procedure, caution must be exercised to 
avoid laceration of the lung. Because of our ex- 
perience with these cases we have changed our 
approach to the aspiration of such effusions, 


especially on the right side where transfixing the. 


liver becomes a possibility, We now initially 
use the Intracath* device for diagnostic and 


“Intracath catheter, Desert Pharmaceutical Co., Sandy, 
Utah 84070 USA. 


therapeutic thoracenteses. As the needle is advanced 
through the intercostal space, steady pressure is 
applied to the catheter within the needle. When the 
needle enters the pleural space, there is an immedi- 
ate, rapid advancement by the catheter. The blunt 
tipped catheter wil not only displace pulmonary 
tissue but will also prevent laceration and puncture 
of any aberrant intrathoracic organs by the needle 
tip. The catheter has the added advantage of 
manoeuverability as it can be safely moved and 
redirected. Furthermore, upon withdrawal of the 
catheter, the incidence of pneumothoraces should 
be nil. This technique has been used at other centres 
by one of the authors (J.H.T.C.) in over 75 thora- 
centeses and paracenteses without complication. 

Also of note in these two cases is the coexistence 
of B-haemolytic streptococcal infection. In review of 
the other reported cases this organism was present in 
the blood culture of two other infants. In our cases 
and that of Kenny et al. (1977) the organism was 
identified as group B, in that of Kirchner et al. (1975) 
as ‘non-group A or D'. While neonatal colonisation 
is common (approximately 26 % of normal newborns) 
infection is not (approximately 1 in 100 of those 
colonised) (Baker and Barnett, 1973). The portal of 
entry is probably the respiratory tract and one can 
speculate that the decreased ventilation of the right 
side leads to an increased susceptibility to this infec- 
tion. As there is no evidence to suggest genetic 
predisposition to right-sided CDH, the possibility of 
a related genetic predisposition to streptococcal 
infection, once respiratory colonisation has taken 
place, is remote. 


Summary 


Congenital diaphragmatic hernia presented with 
right-sided pleural effusion in two newborn infants. 


H.W.C. was supported in part by a grant from the 
American Lung Association of Colorado. 
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Drugs, infections, and congenital 


anomalies 
Sir, 
In his annotation under this title (.4rchives, 1978, 53, 93) 
Smithells states that all evidence to suggest a teratogenic 
role for sex hormones has been ‘derived from retrospective 
studies, whereas all prospective studies published show 
no such effect’. This is incorrect. In a follow-up study of 
50 282 pregnancies we reported an approximate doubling 
of the cardiovascular malformation rate in 1042 children 
exposed in utero to female hormones during the first 4 
lunar months of pregnancy (Heinonen et al., 1977). 
Under a causal hypothesis, an association should be 
evident and relatively invariant regardless of whether the 
results are derived from prospective (or more precisely, 
cchort) studies, or from retrospective (case-control) 
studies. In fact, when different research strategies support 
each other, a causal inference is strengthened. The 
classical work of Lenz (1962) in documenting a connection 
between limb-reduction deformities and in utero exposure 
to thalidomide was a case-control study. 
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Professor R. W. Smithells comments: 


I am grateful to Drs Slone and Shapiro for calling my 
attention to their excellent study. It was perhaps foolish 
of me to attempt to summarise the evidence regarding 
teratogenicity of sex hormones in one sentence. Their 
findings (that the relative risk of congenital heart disease 
in infants exposed to combined oestrogen/progestogen 
was significantly increased (P<0.05), and in infants 
exposed to oestrogens or progestogens was increased, 
but not significantly), considered in conjunction with 
other prospective studies which have shown no 
increase in malformation rates among exposed infants, 
lead me to believe that my classification of sex hormones 
as ‘possible’ rather than ‘probable’ teratogens is justifiable 
at present. 

I certainly did not intend to disparage retrospective 
studies. Nearly all known human teratogens have been 
initially identified or suspected this way. I accept that 


when case-control and cohort studies agree they streng- 
then each other. If I may rephrase my offending sentence, 
I think it is fair to say that ‘the suggestions of teratogeni- 
city (of sex hormones) mainly derive from retrospective 
studies, whereas most prospective studies published show 
no such effect’. 

English law insists that the prisoner is innocent until 
proved guilty. Scottish law allows a verdict of ‘not proven’, 
which may be appropriate until further studies have been 
completed. 

R. W. SMITHELLS 

Department of Paediatrics and Child Health, 
University of Leeds, 

27 Blundell Street, 

Leeds LSI 3ET. 


The first feed of low birthweight 
infants: changing attitudes in the 


twentieth century 

Sir, 

I read the review article under this title by D. P. Davies 
(Archives, 1978, 53, 187) with particular interest, as I had 
just completed a brief comparison of outcome at early 
school age in very low birthweight (LBW) infants born 


1953-55 and 1966-70, with the results shown in the 
Table. 


Table Outcome, IQ, and type of school attended in 
low birthweight infants at early school age by year of 
birth 





Birthweight (g) and no. of cases 


Born 1953-55 (n = 117) Born 1966-70 (n = 264) 





<1367 1368-  1501- <1367 1368- 1501- 
1500 2000 1500 2000 
Q2) % UO% (79% G4) % (29% 81) 
1Q 
> 110 — 18 22 15 25 16 
90-109 28 50 45 62 43 57 
80-89 24 25 19 19 11 17 
70-79 5 7 8 — 4 6 
<69 43 — 6 4 7 4 
Total 100 100 100 100 100 100 
MH/PH* 50 (22) 6(16) 11(79) 11 (54) 14(29) 6 (181) 





*Attending schools for mentally or physically handicapped. Numbers 
of cases in parentheses. 


Severe restriction of fluid and calorie intake, particu- 
larly in 1953-54, was routine practice for all infants of 
3 Ib (1367 g) or less; earlier feeding was generally 
attempted above that weight. The Table demonstrates a 
striking improvement by date of birth only in those who 
were 3 Ib or less at birth. In view of the fact that all 1966-70 
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born infants benefited from the monitoring and treatment 
facilities of an expensive intensive care unit, while those 
born 15 years earlier were at best kept warm in a heated 
crib or nursery, given -oxygen by face mask or in a tent 
and fed by tube, pipette, Belcroy feeder or bottle, the 
small improvement in major handicap is rather dis- 
appointing. 

It is unfortunate that so many workers use my data 
from the early 1950s to justify the conclusion that (to 
quote Rawlings et al., 1971 as an example) ‘much of the 
handicap found in surviving children in the past would 
have been avoidable with modern methods of care', 
since it seems likely that early starvation, which only 
operated for a few years, was the main cause of the very 
high incidence of major handicap in that era. 

This is not to denigrate recent advances in neonatal 
care. In 1963 I wrote ‘most cases of mental retardation or 
gross neurological abnormality probably result from 
developmental defect rather than from the effect of pre- 
or paranatal damage to a potentially normal central 
nervous system’ and hypothesised that ‘such complica- 
tions (referring to the perinatal period) may have a 
definite, if less catastrophic, effect on later intellectual 
functioning and educational ability’ (Drillien, 1963). 
Analysis of the data on early school age status of 1966-70 
LBW children is incomplete, but already it seems likely 
that the benefits of neonatal intensive care will be 
demonstrated more by a reduction in minor impairment 
than in major handicap, if those children who suffered 
from the disastrous iatrogenic effects of early starvation 
are excluded when making comparisons by date of birth. 
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"DIDMOAD' syndrome 

Sir, 

In the October issue of the Archives (1977, 52, 796), 
attention was drawn to the fact that the association of 
diabetes mellitus, diabetes insipidus, optic atrophy, and 
neurosensory hearing loss is becoming increasingly 
recognised. We have been following a 17-year-old girl 
with diabetes mellitus, diabetes insipidus, and optic 
atrophy. To date our patient has had no evidence of high- 
tone neurosensory hearing loss, despite repeated audio- 
grams. She does have a neurogenic bladder with hydro- 
nephrosis and hydroureter, a reported concomitant of the 
syndrome. A family history is not available as she was 
adopted at 6 weeks of age. She presented in early child- 
hood with optic atrophy; at 6 years she developed diabetes 
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mellitus; at age 15 she was diagnosed as having diabetes 
insipidus, and shortly thereafter a neurogenic bladder, 
hydroureter, and hydronephrosis. 

Recently, 97 cases of this syndrome have been reported 
(Gunn et al., 1976). Of these, 13 had the full combination 
of Ere atrophy, diabetes mellitus, diabetes insipidus, 
and hearing loss and 18 had optic atrophy, diabetes 
mellitus, and diabetes insipidus, as did our patient; 31 
had optic atrophy, diabetes mellitus, and hearing loss, and 
35 had only optic atrophy and diabetes mellitus. We too 
feel that this condition is more prevalent than suggested 
by previous literature, and note the increasing frequency 
of new reports (Carson et al., 1977; Cremers et al., 1977). 
A bigh percentage of these cases may have some and not 
all of the components of this syndrome. 
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Peritoneal dialysis and peritonitis 

Sir, 

Day and White (1977) reported that 42% of children 
dialysed developed peritonitis. All who were dialysed for , 
more than 11 days developed peritonitis, so this is 
mainly related to the duration of dialysis. We have 
performed 75 peritoneal dialyses during the last 9 years, 
with an incidence of peritonitis of 12%. We ascribe this 
low incidence to a policy whereby we dialyse patients 
continuously for 40-60 hours until the blood urea is 
about 80 mg/100 ml (13-3 mmol/l) and other biochemical 
parameters are normal. The catheter is then removed and 
the local site dressed. Dialysis is repeated only if indicated 
by the biochemical parameters and the patient’s clinical 
course. We have observed that the incidence of peritonitis 
is unrelated to number of dialyses. After a single dialysis, 
the incidence of infection was 11%, and with two or more 
dialyses it was 14%. Leigh (1969) concluded that peri- 
tonitis is usually related to the flora of the skin around the 
catheter site. With daily dialysis such flora may have more 
time and chance to invade the peritoneum; in our series 
the incidence of peritonitis was less because dialyses were 
shorter. Thus we suggest that peritoneal dialysis should 
be done as and when indicated rather than daily. 
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Dr R. H. R. White comments: 


It is difficult to compare our findings with those of Dr 
Choudhry in the absence of more detailed information 
regarding (1) the age range of the patients dialysed, which 
Dr Day and I found influenced the infection rate, and (2) 
the causes of renal failure, which would have some bearing 
on the duration of dialysis. However, we would not 
disagree with his view that removal of the cannula after 
a short period of continuous dialysis might reduce the 
incidence of infection; indeed we suggested that this 
might be the case but felt that, since reinsertion of the 
cannula is an unpleasant experience for the child, such 
perfection might not always be practicable. 

Ir our hands early detection and treatment of infection 
had a successful outcome except in one child with rapidly 
progressive glomerulonephritis, whose Candida peritonitis 
contributed to death at a time when we had no facilities for 
haemodialysis and transplantation in children. 


R. H. R. WHITE 
Nephrology Department, 
The Children’s Hospital, 

Birmingham B16 SET. 


Assessment of total body fat in 
infancy from skinfold thickness 


measurements 

Sir, 

We have read the paper by Dauncey et al. (Archives, 1977, 
52, 223) and wish to make a few comments. In their paper 
these authors have related subcutaneous fat layer to 
skinfold thickness. They refer to the study by Hammond 
(1955) which examined the relation between uncompressed 
fat thickness T measured by x-ray and skinfold thickness 
S measured by calipers. Hammond finds that T = 0-95S 
—0-0074S*. For the range values encountered in the 
newborn, i.e. S ~ 5 mm, Hammond's results (Tables IV 
and V) show T = S —0-3 mm. If we regard 0 as repre- 
senting the true uncompressed subcutaneous fat thickness, 
i.e. T less the thickness of the dermis, then 6 = T —1; 
using Dauncey's value for thickness of the dermal layer 
(1 mm). Hence 0 = S —1-3 mm. 

Dauncey et al. graph S against T using Hammond's data 
(see curve B, Figure), and by allowing 1 mm for the 
dermis derive curve C which relates subcutaneous fat to 
compressed skinfold thickness. Then, by assuming that 


subcutaneous fat is 2 mm less than the skinfold thickness 
they show a line A, 0 — S —2, and claim that, since line 
A lies fairly close to curve C, there is some justification 
for the empirical relation they have used to derive un- 
compressed fat thickness. In fact, as shown in our Figure, 
the line Ai with the equation 0 = S — 1-3 is a better fit 
to the data which produce curve C since most of 
Hammond's observations occur with 4-5<S<7; that is 
within the region of contact of the curve and the straight 
line. We therefore believe that Dauncey et al. are in error 
in using 0 = S —2. As shown in our first paragraph 0 is, 
in fact, S —1-3. 
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o 
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Figure Thickness of subcutaneous fat 9 related to 
skinfold thickness S measured by calipers. Line A, 
equation 0. = S —2 (Dauncey et al., 1977); curve B 
from Hammond's data; curve C, allowing 1 mm for the 
thickness of the dermis; line A1 equation 0 = S —1-3. 


Hammond's work shows that the Harpenden caliper, 
exerting as it does a constant force of 10 g, compresses a 
fold of skin to almost half its uncompressed value. Just 
as the calipers compress the fat layer by a factor of almost 
two, so they also compress the dermis. Knowing this, 
one would empirically suggest that the true uncompressed 
subcutaneous fat is 1 mm less (two thicknesses of com- 
pressed dermis) than the reading given on the calipers 
while compressing the fold of skin. 

We, therefore, recommend that in using the body fat 
formula derived by Dauncey ef al. one should use 
9 = § —1-3. 


Reference 


Hammond, W. H. (1955). Measurement and interpretation 
of subcutaneous fat, with norms for children and young 
adult males. British Journal of Preventive and Social 
Medicine, 9, 201-211. 

B. RICHARDS and S. W. DE Souza 
Department of Computation, 
University of Manchester Institute of 
Science and Technology, and 
Department of Child Health, 
University of Manchester. 


Drs Dauncey and Gairdner comment: 


We are unable to agree with Richards and De Souza’s 
reasoning for several reasons. Their choice of the figure 


of 5 mm for the skinfold thickness of newborns is 
questionable since Hammond’s data were for children 
over 2 years. 
Hammond gives two equations (pp. 206 and 207) for the 
relationship between uncompressed fat thickness and 
skinfold thickness -as measured by caliper, not just 
‘T = 0-95 S —0-0074 S”. The results quoted from 
Hammond’s Tables IV and V refer to 2-year-olds where 
S is not 5 mm but a mean of 6-38 mm {at 6 sites) for 
boys and 8-15 mm (at 2 sites) for girls. Thus, Hammond's 
data for the relationship between T and S does not lead 
to ‘T = S —0-3 mm’ but to T = S —0-4 mm and 
T == S —0-69 mm for boys and girls respectively. 
. Richards and De Souza conclude that the linear 
relationship 0 = S —1-3 (line A:) ‘is a better fit to the 
data which produce curve C'. However, they are only 
concerned with skinfold values between 4-5 and 7 mm 
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whereas our values of triceps and subscapular skinfolds 
ranged from 2-2 mm (in some preterm infants) to 12.8 
mm, a large part of our data referring to values between 
7 and 10 mm. For these values of S it can be seen that 
line A is closer to curve C than is line Au, although there 
are inevitable limitations in trying to fit a straight line 
to a curve. , 

While it would be unreasonable to expect any very 
close relationship between skinfold thickness and thick- 
ness of subcutaneous fat—as indeed Hammond's Fig. 4 
makes evident—the formula which we used seems to 
accord with the few facts available. 

M. J. DAUNCEY 

Institute of Animal Physiology, 
Babraham, Cambridge. 
DOUGLAS GAIRDNER 


17 Rutherford Road, Cambridge. 
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Book reviews 


The Child and His Symptoms. A Compre- 
hensive Approach. 3rd edition. By J. Apley, 
R. Mac Keith, and R. Meadow. (Pp. 302; 
illustrated + tables. £6.75, paperback.) 
Blackwell: Oxford. 1978. 

This is the third edition of a paediatric 
classic which discusses emotional factors 
in the causation of common childhood 
disorders, the social and emotional 
effects of some disorders, and the relevance 
of interactions between children, parents, 
and doctors. The book has been streng- 
thened by the advent of a third author, 
Roy Meadow, by updating some of the 
clinical examples (e.g. mitral stenosis due 
to rheumatic heart disease replaced by 
urinary tract infection with vesicouretic 
reflux), and by a few other alterations and 
deletions. For example, the chapter on 
‘debility’ has gone, leaving one wondering 
what ‘debility’ and being ‘run down’ were. 
Depression, perhaps? 

Overall the changes from the 1968 
edition are relatively small, and it is 
perhaps right to be sparing in the revision 
of a classic. The most successful chapters 
remain those dealing with the group of 
recurrent disorders of emotional origin— 
abdominal pains, headache, and limb 
pains, and with management problems 
such as sleep disorders. The least success- 
ful are those which deal too briefly to be 
of value with some specific disorders like 
cerebral palsy (1 page) and speech dis- 
orders (1 paragraph), and those where the 
original chapters have been overtaken by 
advances in physiological understanding or 
advances in treatment. The prime example 
of the latter is asthma, where the slightly 
rewritten section must now be regarded as 
a rather inadequate account of the manage- 
ment of ttis disorder. Finally, although 
the writing is always clear, concise, and 
direct (there can be very few paediatricians 
who have written and spoken so well as 
its two original authors and the one who 
joined them), it always seemed a pity 
that its tone was quite so didactic. 

Ronnie Mac Keith's great contributions 
to paediatrics were to help establish 
developmertal paediatrics and the care 
of handicapped children as subjects of 
major concern to paediatricians, and to 
teach paediatricians about the interaction 
of emotional factors and physical symp- 
toms. This book epitomises the second of 


these interests, and we should welcome a 
new edition which has been lightly 
revised but which contains many aphor- 
isms and phrases which one can almost 
hear RCM saying. 

R. J. ROBINSON 


Disorders of the Respiratory Tract in 
Children. 3rd edition. Edited by E. L. 
Kendig and V. Chernick. (Pp. 1115; 
illustrated + tables. £32.50.)  Holt- 
Saunders: Eastbourne. 1977. 

In this new edition the format of Kendig's 
book has been much changed; it is now 
in a single volume and deals largely with 
lower respiratory tract problems. The 
volume on paediatric otolaryngology has 
been omitted, but a section on tonsils and 
adenoids and upper airway problems has 
been incorporated. The first 190 pages 
provide useful background information 
on respiratory physiology and pathology, 
on the simpler lung function tests, includ- 
ing analysis and flow-volume curves, and 
on radiology and other diagnostic and 
therapeutic techniques. This is followed by 
asurprisingly short section on intensive res- 
piratory care. Over 100 pages are devoted 
to neonatal respiratory problems; this 
section contains a large volume of informa- 
tion but does not provide as much help in 
practical management as other textbooks. 

The remainder of the book provides a 
comprehensive description of the clinical 
presentation, pathology, and manage- 
ment of the many diseases which affect the 
lower respiratory tract. I find this main 
bulk of the book a most useful reference 
source, usually backed up by an up-to- 
date bibliography. 

Thisisa rather large and expensive book 
which all those caring for children with 
respiratory disease refer to from time to 
time. It does not makeeasy bedtime reading 
and I suspect only those with a large com- 
mitment to paediatric respiratory care 
will wish to purchase it for themselves. 

A. D. MILNER 


Muscle Disorders in Childhood. By V. 

Dubowitz. Major Problems in Clinical 

Pediatrics, Vol. 16. (Pp. 282; illustrated + 

tables. £15.00.) Holt-Saunders: East- 

bourne. 1978. 

This is a splendid book which illuminates 
608 
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| children's muscle disorders in the widest 


sense. There are two beautifully concise 
and lucid descriptions of the.approach to 
diagnosis, first in the opening section 
dealing with muscle problems as a whole, 
and again in the chapter on the floppy 
infant syndrome. Other chapters deal 
with the following topics (the number of 
figures is given in brackets as a guide to 
the extent of coverage): muscular dystro- 


` phies (81), congenital myopathies (47), 


metabolic and endocrine myopathies (1 
myotonic syndromes (20), disorders of t 
lower motor neurone—including of course 
the spinal muscular atrophies and peri- 
pheral neuropathies—(50), myasthenia 
gravis—with a list of drugs to be avoided 
(4) inflammatory myopathies (14), dis- 
orders with muscle contracture and joint 
rigidity (16), disorders of movement— 
including torsion dystonia, stiff man, 
spastic paraparesis and hysteria—{3), and 
finally a brief chapter summarising the 
respiratory, cardiac, intellectual, and 
orthopaedic problems that may arise. The 
reader will find a useful questionnaire for 
initia] evaluation of & child with muscle 
disorder, and exactly how to do a muscle 
biopsy, in sufficient detail; not quite 
enough information is given to allow the | 
novice to set out along the path of nerve 
conduction velocity measurement or 
EMG work. There is considerable empha- 
sis on management, especially ortho- 
paedic and psychological, but it would 
have been nice to add a small section on 
the running of a modern muscle clinic. 
The book is profusely illustrated by 
clear clinical photographs, biopsies and 
diagrams. The total of numbered figures 
(282) is misleading because there are 
often as many as four illustrations to a 
figure, and I counted more than 400 
photographs of patients. Detailed case 
histories are another of the book's 
welcome features. The references, from 
1839 to 1977, exceed 800. The index is not 
comprehensive (so that by looking up, 
for example, scoliosis or talipes one only 
finds a small proportion of the causes), 
but this is really a book to be read and re- 
read by paediatricians and orthopaedic 
surgeons, and probably a book to keep 
on one’s own shelf since the library copy 
will soon become worn. 
i J. B. P. STEPHENSON 
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James Spence Medallist, 1978 


Seymour Donald Mayneord Court 


Donald Court was educated at Adams’ Grammar 
School, Wem, Shropshire and took his medical 
training at Birmingham University. After house 
appointments at the Hospital for Sick Children, 
Great Ormond Street and Westminster Hospital, 
London, he worked during the second world war as 
a physician in the Emergency Medical Service. After 
the war he moved to Newcastle upon Tyne, working 
at first under Spence as Reader in Child Health, and 
then after Spence’s death in 1954, succeeding him in 
the chair to become the first James Spence Professor 
of Child Health.* 

He retired from the chair in 1972 and was elected 
Emeritus Professor of Child Health in the University 
of Newcastle upon Tyne. From 1973 to 1976 he was 
President of the British Paediatric Association, being 
the first to occupy that position for a 3-year term. 
During this time he was also chairman of the Child 
Health Services Committee, which in 1976 reported 
its extensive inquiry with important advice on the 
future planning of child health services in England 
and Wales in two volumes entitled Fit for the Future. 

In presenting the James Spence Medal to Professor 
Court at this Annual General Meeting of the British 
Paediatric Association at York on 14 April 1978, 
the President, Professor Otto Wolff, spoke the 
following citation. 


‘This year’s James Spence Medallist is Donald Court, 
and I shall say a few words about Donald. For the 
sake of our guests I should explain that the Spence 
Medal is the highest award our association can give, 
and may add that when the executive and council 
of our association considered whom we should 
honour this year, only one name was seriously 
considered, not because our association lacks 
members of distinction as teachers, scientists, and 
clinicians deserving this honour, but because we all 
recognised that in Donald we have a man who, in 
addition to having all these talents, is a leader and a 
visionary whose vision, arising from compassion, is 
nothing less than the physical, emotional, and 
spiritual health of our children and their families. 


*A memoir of Sir James Spence was written by Donald 
Court as one of the Looking Back series of articles in Archives, 
1975, 50, 85. 


609 


‘During the 3 years of Donald’s presidency he 
succeeded, despite the great expansion in our mem- 
bership, in fostering the spirit of friendship, and at 
the same time he never allowed us to forget our 
ultimate and greatest purpose to serve children. He 
taught us to debate, without rancour, major issues 
facing our association and the services we provide. 
Donald has the gift of friendship and a deep and 
sensitive understanding of the feelings, anxieties, 
and aspirations of his friends, and he is always ready 
generously to give practical help. 

‘James Spence would have approved of the choice 
of our medallist. For many years they worked 
together in Newcastle until 1954 when Spence died, 
and a year later Donald succeeded him as head of 
the department, with the title of James Spence 
Professor of Child Health. Donald was the anony- 
mous editor of the posthumous volume of Spence’s 
publication Purpose and Practice of Medicine, a copy 
of which I shall present to him, you may think 
needlessly, in a moment, together with the medal. 
Like James Spence, Donald is a superb and caring 
clinician and a master of the delicate art of taking a 
history. 

‘It would give a lopsided picture if, in these few 
minutes, I concentrated on the greatness of the man 
as a human being and failed to pay tribute to his 
achievements as a scientist in the fields of respiratory 
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disease and the epidemiology of disease in child- 
hood. Growing up in Newcastle upon Tyne and 
School Years in Newcastle upon Tyne are classics and 
all of us who teach regard these books as essential 
reference works which, unlike many such books, are 
exciting to read and open up new vistas. Donald has 
the gift of leadership and would, I know, want me to 
mention that these books and the long-continued 
research on which they are based are the work of the 
Newcastle team. 

‘He has an amazing memory and the capacity for 
taking endless trouble over detail without losing his 
vision. His books Medical Care of Children and 
Paediatrics in the 70s, written with Tony Jackson, 
exemplify these gifts, and have become necessary 
reading for all of us concerned with the improvement 
of the child health services. 

‘He is a superb chairman, firm, patient, and 
always fair—never losing sight of the ultimate aim, 
with a wonderful control over his emotions. He does 
not allow himself to lose his temper or even become 
ruffled. One has to know Donald quite well to 
identify the symptoms of minimal irritation, the 
slightest shortening of the interval between the 
remark, which would infuriate many of us beyond 
control, and Donald’s courteous comeback, possibly 
accompanied by a faint colouring of the cheeks, 
almost requiring a spectrophotometer for its 
detection. 

‘For 3 years he presided over the meetings of the 
Committee on the Child Health Services, and the 
report Fit for the Future bears Donald’s stamp on 
every page—written in beautiful English, quite 
unlike the ugly verbiage of many such reports—full 
of compassion, clearly reasoned, and based on 
much careful research. That its forward-looking 
recommendations have only in part been accepted by 
the profession and government is a disappointment 
to many of us, but it is not unexpected that a 
document of such vision is a decade or so ahead of its 
time. The Court Report has achieved its main 
purpose; to make the country, government, and the 


profession more aware of the needs of children and 
where we have let them down. 

‘What then are the sources of the man’s greatness, 
of his depth, his integrity, and humanity ? I can only 
make a few guesses, and you do not wish me to 
discuss the relative contributions of his genes and the 
environment: his Quaker religion and philosophy, 
his love of poetry, particularly that of W. H. Auden, 
of Italian and particularly Florentine painting, of 
beautiful porcelain, his affection for young people 
and his sensitive respect for their views, the peace of 
mind he finds in nature and in working his garden— 
this exciting mixture is still incomplete without the 
ferment, the catalyst, provided by his family—and 
particularly by Frances. Our association would like 
me to say ‘thank you’ to you, Frances, for your many 
kindnesses to our members, for your friendship to us 
and for your intrinsic contribution to Donald’s work 
for children and, as Roy Meadow put it so charm- 
ingly, for having lent Donald to us. 

‘And now, Donald, may I give you this year's 
James Spence Medal.’ 


James Spence Medallists 


1960 Professor A. A. Moncrieff 
1961 Professor R. A. McCance 
1963 Sir F. Macfarlane Burnet 
1964 Professor L. S. Penrose 
1965 Dr Cicely D. Williams 
1967 Professor R. R. A. Coombs 
1968 Dr Mary D. Sheridan 

Dr D. W. Winnicott 
1969 Dr G. S. Dawes 
1970 Professor D. V. Hubble 
1971 Dr W. W. Payne 
1972 Dr R. C. Mac Keith 
1973 Professor C. A. Clarke 
1974 Dr J. Bowlby 
1976 Dr D. M. T. Gairdner 
1977 Professor R. S. Illingworth 
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Neurological abnormalities in patients treated for 
hypothyroidism from early life 


R. MACFAUL, S. DORNER*, E. M. BRETT, AND D. B. GRANT 
From The Hospital for Sick Children, Great Ormond Street, London 


SUMMARY Neurological and psychological assessment was carried out on 30 patients aged 2:7 to 
2] years (mean 9:4) who were being treated for hypothyroidism starting before the age of 2 years. 
Their IQ scores lay in the normal range (71-122; mean 92-4) but 77% showed at least one sign of 
impaired brain function. Clumsiness was found in 33 %, behaviour disorders in 23 %, speech disorders 
in 20%, learning disorders in 26%, squint in 53%, nystagmus in 10%, and minor motor disorders 
in 50%. Many showed several of these features and hypothyroidism in early life appears to lead to 
widespread impairment of brain function. These neurological findings were equally common in 
patients in whom treatment started between 4 and 10 weeks of age and patients treated after 10 
weeks, suggesting that early detection of hypothyroidism by neonatal screening may be of limited 
benefit. Children who have been hypothyroid in early infancy require careful assessment to prevent 


further visual, emotional, scholastic, or vocational difficulties. 


The importance of congenital hypothyroidism (CH) 
as a cause of mental subnormality is well known. 
Although several studies have shown that the 
condition is associated with other neurological 
disorders such as clumsiness and squint, this aspect 
of congenital hypothyroidism seems to be less 
widely recognised. The present study was carried 
out to try to define the incidence and nature of these 
neurological disorders and to examine their relation- 
ship to intellectual development and to earlier 
symptoms and treatment. 


Patients 


Four boys and 27 girls, attending as outpatients at the 
endocrine department of the hospital for treatment of 
CH, were studied. Ages ranged from 31 months to 
21 years (mean 9:4 + 4-2 years) at the time of 
investigation. The initial diagnosis of hypothy- 
roidism was made at this hospital in 18 cases and at 
other hospitals in 13. Details of the early features of 
the disorder were obtained from hospital records, 
clinical photographs, and from retrospective histories 
from the mothers. In all patients, the diagnosis was 
considered to have been satisfactorily established by 
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the initial clinical features, low PBI or plasma 
thyroxine values (available in 26 cases), and the 
response to thyroid replacement therapy. Only one 
child was noted to have a palpable thyroid and later 
studies indicated that her hypothyroidism was 
owing to a partial defect of iodine-binding by the 
thyroid. There was a family history of thyroid 
disease in 7 patients. The mother of one (Case 12) 
had been hypothyroid since her teens and she had 
taken thyroxine throughout her pregnancy; anti- 
thyroid antibodies were present in the infant's serum 
at diagnosis. The sister of another patient has a 
lingual thyroid. In 5 other cases, a grandparent had 
a thyroid disease of late onset—such as hypothy- 
roidism, thyrotoxicosis, or goitre. 


Early symptoms 


In 22 patients (group 1) symptoms such as feeding 
difficulties, lethargy, or constipation were noted 
during the first week of life. Symptoms began 
between ages 4 and 16 weeks in four patients 
(group 2) and between 4 and 21 months in five 
(group 3). This division into 3 groups is based on the 
assumption that some patients in group 1 may have 
been hypothyroid in utero, while those in groups | 
and 2 were hypothyroid in early infancy, and those 
in group 3 developed hypothyroidism only in later 
infancy. 
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Details of the incidence of symptoms in group 1 
are given in Table 1. There was a wide variation, from 
4 to 80 weeks, in the age at which treatment was 
started in these patients (Table 2). This probably 
reflects both variability in the severity of symptoms 
and difficulty experienced in making the diagnosis in 
infancy. 

In 17 patients in group 1 we were able to ascertain 
the age at which medical attention was sought 
because of hypothyroid symptoms. In these patients, 
the average delay before the condition was finally 
recognised was 8:5 weeks (range 0-32). Details of 
the onset of symptoms and the start of treatment in 
patients in groups 2 and 3 are given in Table 2. In 
each case early replacement therapy, usually with 
L-thyroxine, was considered adequate and none of 
the patients was thought to be receiving excessive 
treatment at the time of the investigation. 

Four patients had early illnesses involving the 
nervous system. One girl (Case 11) had a cardiacarrest 
during anaesthesia for treatment of a large haeman- 
gioma. Hypothyroidism was recognised and treated 
one week later. Two children had brief febrile 
convulsions at age 15 months and 26 months. One 
pauent (Case 29) had hypercalcaemia at the time 
of diagnosis. 

A 16-year-old girl who started treatment at 6 
weeks has been excluded. She is severely retarded and 
has a spastic tetraplegia. Apart from the hypothy- 
roidism, there is no indication of the aetiology of 
her disorder but this differed considerably in degree 
from that of the other patients and we felt that she 
should be reported separatelv. 

Because of possible selective social factors leading 
to the initial referral to the hospital, social classes 
IV and V were under-represented. There was also a 
large proportion of girls in this unselected group, 
even allowing for the usual 2:1 ratio of girls to 
boys in patients with CH. 


Methods 
Family and school observations. Mothers were 


questioned about clumsiness, behaviour, or speech 
disorders. Reports (such as the Rutter B2 behavioural 





Table 1 Frequency of symptoms in 21 patients 
symtomatic from first week of life 

Symptoms yA 
Feeding difficulty* 90 
Lethargy* 76 
Constipation* 62 
Labour induced for postmaturity 52 


Prolonged neonatal jaundice 29 


*2 of above symptoms 76%; 3 of above symptoms 43%. 


questionnaire) were completed and inquiries made 
about co-ordination in 19 of the 25 children attending 
school. While many children were described as 
being slightly clumsy, only those in whom this 
caused moderate difficulties at school or at home 
were Classified by us as clumsy. 


Neurological assessment. A full neurological examin- 
ation was carried out; this included additional tests 
to detect impaired co-ordination. Interpretation of 
the findings was largely based on results obtained 
in normal children by Touwen and Prechtl (1970) 
and by R. MacFaul (unpublished). (Appendix 1.) 
These additional tests can be summarised as follows: 


Fine movement. Threading 4 beads on to a stick with 
each hand; building 1 inch bricks; finger nose test 
with eyes open and closed ; pencil grasp; writing and 
drawing; touching finger tips successively to the tip 
of thumb; repetitive hand taps. 


Gross movement. Balancing and hopping on one leg; 
walking on a straight line; walking on heels and toes; 
running, climbing stairs. 

The patients were regarded as having a fine or 
gross movement disorder if three items or more in 
the respective category were performed at a level 
more than 2 years behind mental age or if any 
performance was clearly abnormal. 


Alternating movements of the arms. Inability to do 
this after the mental age of 6 years or a very poor 
rhythm after the age of 8 years was graded as 
abnormal. 


Involuntary movement. Definite chorea when the 
fingers and arms were held outstretched for 20 
seconds was considered abnormal. 


H yper-reflexia. Brisk tendon reflexes associated with 
either an increased area from which they could be 
elicited, clonus on eliciting the ankle jerks or over- 
flow to other muscle groups apart from finger 
flexion, were scored as abnormal. When the tendon 
reflexes were abnormal at 3 or more sites hyper- 
reflexia was considered to be present. 


Psychometric assessment. Intelligence test scores 
using the Wechsler intelligence scale for children 
(WISC), or the Wechsler preschool and primary 
school intelligence scale, were obtained from the 28 
patients aged at least 3 years. Reading ability of 
children aged at least 7 years was assessed using the 
Neale analysis and arithmetic skills were judged by 
the subtests of the WISC. 
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Results 


The abnormal findings, together with the intelligence 
scores for the patients are given in Table 2 and 
summarised in Table 3. 


Clumsiness. 10 children were graded by us as clumsy 
from parental description (fine and gross movement 
in 6, gross movements in 4). Although the teachers 
were unaware of our particular interest in co-ordina- 
tion, clumsiness was reported in 13 of those at 
school. All those at school and graded as clumsy by 
us were also reported to be clumsy by the school. The 
parents of 3 other children described them on direct 
questioning as being mildly clumsy. 


Motor disorders. 15 patients were described as 
having a minor motor disorder. In these we found 
poor co-ordination on examination (rather than 
clumsiness, which we assessed from the history). 
Details are given in Appendix 2. Our definition of a 
motor disorder was necessarily arbitrary and we 
were able to define the disorder more precisely in 
only 6 patients (Table 2). We feel that the move- 
ments were abnormal in these cases and we have 
excluded from the results a few patients who 
appeared to have only slightly impaired co-ordina- 
tion. Although the motor disorder in our patients 
falls within the common definition of cerebral palsy 
—ij.e. a ‘disorder of movement and posture due to 
defect or lesion of the immature brain’ (Bax, 1964) 
—their clinical features were quite unlike those of 
the classic or mixed forms of cerebral palsy and it 
would be misleading so to classify them. The dis- 
orders in our patients closely resemble those rather 
unsatisfactorily described as: minimal cerebral palsy, 
minimal cerebral dysfunction, or the clumsy boy 
syndrome. We prefer the term ‘minor motor dis- 
order’ for the difficulties shown in our patients. Only 


Table 3 Percentage of children with abnormal 
findings (n = 30) 





Disorder All patients 
None 23 
Clumsiness 33 
Behaviour 23 
Speech 20 
Learning difficulty 26 
Squint 53 
Nystagmus 10 
Minor motor 50 
Full scale IQ 

90 or more 57 

76 to 89 a2 

70 to 75 11 
Verbal/performance discrepancy on IQ of 15 points 

or more 42 


2 children showed definite signs of cerebellar 
disorder. If hyper-reflexia is accepted as a sign of 
minor pyramidal dysfunction and abnormal alter- 
nating movements as a sign of a minor degree of 
cerebellar dysfunction, there was an equal incidence 
of pyramidal and cerebellar disorders in our patients. 


Speech disorders. Mild speech disorders were present 
in 6 patients. There were two, aged 5 and 16 years, 
with stammers, one aged 10 with nasal escape, one 
aged 8 with mild expressive dysphasia, and two 
aged 5 and 10, with poor articulation. 


Eye abnormalities 


Squint. 16 patients had a squint which was conver- 
gent in 13 cases and divergent in 3 cases. In two of 
these, the movements of one eye were limited. The 
uncorrected visual acuity in 6 of the patients with 
squint was normal and in the remainder it was 
reduced but was not lower than 6/18 in one eye. 


Nystagmus. Three children had a high-frequency 
low-amplitude nystagmus which was phasic on 
lateral gaze. 


Other disorders of eye movements. These were 
present in 9 patients. In 7, horizontal pursuit of a 
slowly moving object was jerky despite good atten- 
tion. In 4 of these there was also difficulty in achiev- 
ing upward gaze. In 2 difficulty in upward gaze was 
the only abnormality. 


Psychometric results. The mean IQ for all the subjects 
(92-4) was in the low to normal range and about 
one standard deviation below the mean score of 
about 108 found in a random sample of British 
schoolchildren of similar social class (Rutter et al., 
1970b). The mean verbal IQ (97:6) exceeded the 
mean performance IQ by 9-6 points and a dis- 
crepancy of 15 points or more was found in 11 
children, an incidence three times greater than in the 
normal population. 

Educational attainments were generally consistent 
with intelligence levels although 9 children had 
earlier been referred for psychological assessment for 
learning difficulties. 


Behaviour disorders. Teachers’ ratings of behavioural 
disturbance on the Rutter B2 scale were obtained on 
19 of the 25 children at school. 5 (26%) out of the 19 
were rated as deviant with a score of 9 points or 
more. In addition, definite behavioural problems 
were described in 2 others. The problems described 
in the teachers’ ratings were restlessness, poor 
attention, etc., or neurotic symptoms—such as 


Neurological abnormalities in patients treated for hypothyroidism from early life 615 


excessive worrying, fearfulness, or nail-biting. There 
were no antisocial problems. 


Head circumference. Head circumferences tended to 
be large for height and in only one patient was it 
below the 10th centile. In 8 patients, the head 
circumference was on or over the 97th centile and 
although the height of 3 of these was over the 75th 
centile, in 5 patients heights ranged from the 50th to 
the 75th centile. In one patient (Case 10) hydroce- 
phalus was suspected and an air encephalogram 
was carried out at 4 months with normal results. 


Statistical analysis of results. In the 25 patients in 
groups 1 and 2, there were no significant correlations 
between neurological scores, full scale IQ results, 
ages at which treatment was started, and number of 
symptoms of hypothyroidism during the first week 
of life including postmaturity or induction after term. 


In the whole group of 30 patients, clumsiness was 
found to be significantly associated with both motor 
disorders (y? = 8:07, P = <0-01), and behaviour 
disorders (y? = 8:23, P = <0-01). There was also a 
significant association between motor disorders and 
behaviour disorders (y? = 8:4, P = <0-01) 
(Fisher's exact test). Clumsiness and eye abnormali- 
ties showed no significant association. 

A WISC verbal/performance discrepancy of 15 
points or more showed no apparent correlation with 
clumsiness, behaviour or motor disorders, or eye 
abnormalities. 


Discussion 


Our results are in agreement with previous reports 
of poor co-ordination (Table 4), squints (Kirkland 
et al., 1972), nystagmus (Schulman and Crawford, 
1969), and behaviour disorders (Radwin et al., 1949; 


Table 4 Previous neurological studies on treated hypothyroid children 


——————————————————————————————————————————————————————————————————— 


Reference n Motor disorder 


Comment IQ 





Present 


Description 


a  — a EE 


Lewis et al., 1937 89 Most patients Slowness of speed in relation 20% normal 
(34 —21 years) to intelligence 

Brown et al., 1939 29 All On IQ testing, scores in >100 7 % 
performance tasks invariably <80 75% 
slower than other test items 

Radwin et al., 1949 12 All Each patient had one or more 290 33.3944 
behaviour disorder «152357 
speech disorder 
slowness of gait and movement 

Topper, 1951 9 EEG study: 5 had evidence of 
‘cerebral dysfunction’ 

Smith et al., 1957 22 4 Varying degrees of inco- Hypothyroid symptoms >90 15% 
ordination especially in fine starting before 6 <50 41% (n 79) 
voluntary movement; coarse months. Started therapy 
tremor; general spasticity; before 6 months 
shuffling gait; awkwardness, jerky 
movements; hyperactive tendon 
reflexes 

57 Ze Therapy after 6 months 
or inadequate 
Of 26 with motor disorder 
*10 mild to moderate 
incoordination brisk reflexes 
**16 more severe 

Neel et al., 1961 54 9 Spastic (6 with squint) All ‘retarded’ 

Andersen, 1971 50 25 Cerebellar dysfunction (one All treated within 3 None given 
spastic). None with gross months 
neurological disturbance 

Mäenpää, 1972 67 22 Spasticity, ataxia, or hypotonia > 85 52% 

(10 had squint) <70 28% 
None treated within 2 months had (n = 67) 
neurological abnormality 

Hagberg and Westphal, 12 6 Cerebellar ataxia, mild in 4 Ataxic patients 

1970 >90 15% 

<60 50% 
Hanefeld et al., 1974 35 25074 Mainly cerebellar dysfunction Outlook better in With neurologica 
children treated early. signs, 50°% 
No correlation between *delayed in men- 
IQ and CNS signs, tal development?’ 
onset of symptoms, age 
at start of therapy 
Wiebel, 1976 67 28 Mild cerebellar ataxia (other 60% ataxic 


motor abnormalities difficult to 
analyse) 


* Mean IQ 63; ** Mean IQ 37.5 


patients retarded 
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Money, 1956), in patients treated for hypothy- 
roidism from early life. Similar abnormalities occur 
in some normal children and could represent the 
extreme range of normal. However, the high inci- 
dence of minor abnormalities and the presence of 
more definite neurological disorders in some patients 
suggest that disturbed neurological function due to 
hypothyroidism in early life was present in many of 
the patients. While poor nutrition may have con- 
tributed to this, the findings in 6 patients with poor 
weight gain before diagnosis were very similar to 
those in the patients who had thrived. 

The poor co-ordination in our patients was 
probably owing to a combination of defects, present 
to a greater or lesser degree in each affected child. 
We found evidence of impaired function in the visual, 
pyramidal, extrapyramidal, brain stem, and cere- 
bellar systems in many of our patients. Smith et al. 
(1957) reported a range of abnormalities similar to 
those in our patients. Although it might be expected 
that the cerebellum would be more vulnerable to the 
effects of hypothyroidism as a result of its rapid 
growth in early life, we did not find the high inci- 
dence of ‘pure’ cerebellar disorders reported by 
others (Table 4). Many of their patients were re- 
tarded and this implies that they had suffered from 
more profound effects of hypothyroidism on brain 
development. This apparent discrepancy may be 
due to difficulties in describing and interpreting 
motor disorders in such patients. 

Half our patients had squints and many showed 
nystagmus and jerky eye movements. As the visual 
acuity was generally normal, these signs probably 
represent impaired function of the cerebral cortex, 
brain-stem, or cerebellum. 

Further evidence of impaired cerebral function is 
provided by the reduction in average intelligence and 
by the behaviour disorders. The incidence of 
discrepancies between the verbal and performance 
scores found in many of our patients may reflect 
perceptual difficulties. However, it should be noted 
that these discrepancies were not apparently related 
to other signs of impaired brain function. The 
explanation for this may lie in a relative elevation of 
the verbal score owing to social factors, rather than 
depression of the performance score. 

The incidence of behaviour disorders in our 
patients at school (26%) approximates fairly closely 
to the incidence in epilepsy (26%) (Rutter ef al., 
1970a), and handicapping disorders involving the 
brain (30%) and it is higher than the incidence in 
handicapped children with normal brain function 
(10%) (Seidel et al, 1975), or asthma (10%) 
(Graham et al., 1967). This observation, and the 
close relationship between behaviour disorders, 
clumsiness, and motor disorders, suggests that there 


is an organic neurological basis for the behaviour 
disorders in many children with CH. However, other 
factors—such as parental anxiety over poor perfor- 
mance or even previous overtreatment—may have 
contributed to the behaviour problems in some of 
our patients. 

There are few neuropathological studies in 
patients with early hypothyroidism but air encaphalo- 
graphy performed in 10 patients before treatment 
showed generalised brain atrophy (Klosovskii, 1963). 
However, treated CH is not associated with reduced 
head size and many patients have head circum- 
ferences at the upper limit of normal (Burt and 
Kulin, 1977). Early publications, reviewed by 
Smith et al. (1957) and Andersen (1971), described 
disturbances in the structure of the cerebral cortex 
and cerebellum with retarded capillary and myelin 
development. A more recent histological report on a 
patient by Rosman (1976) described reduced numbers 
of cortical and cerebellar neurones with reduction in 
size of basal ganglia, thalamus, cerebral, and brain 
stem pyramidal tracts. 

None of these studies gives information on cellular 
composition or dendritic connections and for further 
details we must turn to animal studies. In rats made 
hypothyroid at birth, histological and biochemical 
studies have shown changes in both the cerebral 
cortex and the cerebellum. In both areas, the total 
cell number remains normal but the cell size is 
reduced and the architecture distorted by changes 
in the proportions of different cells (Lewis ef al., 
1976). The changes in the cerebellum exceeded those 
in the cerebral cortex. Myelination is delayed but the 
eventual quantity and composition are normal 
(Brasel and Boyd, 1975). The most marked effects 
are on the density of axonal and dendritic connec- 
tions which may be reduced by up to 70% (Eayrs, 
1966). The behaviour of the rats correlated with these 
changes (Eayrs, 1971). All these effects were entirely 
reversed by replacement therapy started within 10 
days of birth (Eayrs, 1971; Legrand, 1971). After 
this, replacement therapy produced only partial 
response. One action of thyroid hormone may be to 
regulate the timing and rate of change from one 
developmental phase of the brain to another and 
enzymes, for example at the synapses, may be 
sensitive only for brief critical periods (Hamburgh 
et al., 1971). In sheep, the only effect of fetal hypo- 
thyroidism was impaired cerebellar myelination 
(Erenberg et al., 1974). However, dendritic arborisa- 
tion was not specifically studied and hypothyroidism 
was induced some time after the brain growth spurt 
had started. It is therefore conceivable that thyroid 
hormones had already acted by triggering the 
appropriate developmental phase. Biochemical 
studies in monkeys made hypothyroid in utero 
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merely showed reduced size of cerebral and cerebellar 
neurones with evidence suggesting reduced electrical 
function in these neurones and possibly in their 
dendritic endings (Holt et al., 1973). In terms of 
brain development, the period from birth to age 25 
days in the rat probably corresponds in man to the 
period from the 18th week of fetal life to age 2-3 
years (Dobbing, 1974). If these animal studies can 
be taken as a guide, it seems likely that axonal and 
dendritic connections are reduced in number in 
patients with prenatal or early postnatal hypothy- 
roidism. Many of the findings in the present study 
could be explained by defective connections leading 
to widespread impairment of brain function. 

In these experimental studies, the exact timing of 
hypothyroidism was known. While we know that 
most of our patients developed symptoms of hypo- 
thyroidism very soon after birth and many were 
postmature, suggesting the presence of prenatal 
hypothyroidism, we are unable to assess the duration 
and degree of thyroid deficiency before birth. Bone 
ages at the time of diagnosis were available only in 6 
patients (Table 2); absence of the upper tibial 
epiphysis in these patients implies a period of pre- 
natal hypothyroidism. It is recognised that maternal 
thyroid hormones do not cross the placenta in 
sufficient amounts to prevent fetal hypothyroidism 
(Fisher, 1975). We believe that the variation in 
timing of onset and severity of postnatal hypothy- 
roidism reflected in groups 1 and 3 almost certainly 
mirrors similar variation in prenatal hypothyroidism. 
In so-called ‘congenital’ hypothyroidism, some 
patients have an inherited disorder of hormone 
synthesis (as in Case 16), but most have ‘dysgenesis’ 
of the gland in which a small amount of thyroid 
tissue is present in the thyroglossal tract, the gland is 
hypoplastic in its usual site, or absent (Carr ef al., 
1961). Thyroid scans were not carried out on our 
patients and we have no definite information on this 
point. The pattern of the disease in infancy, in which 
hypothyroidism develops some time after birth, 
could well represent an evolving disorder of the 
gland though it has been regarded as representing the 
infant’s ‘growing out’ of the hypoplastic tissue 
(McGirr and Hutchison, 1955). Retrospective assess- 
ment of the severity of hypothyroidism in the neo- 
natal period showed no relationship with either later 
intelligence or neurological abnormalities. However, 
comparison of the findings in patients in groups 1 and 
3 (Table 2) indicates that vulnerability of the brain 
to the adverse effects of hypothyroidism becomes 
less with advancing age. 

It is generally accepted that replacement therapy 
soon after birth will lessen the effects of hypothy- 
roidism on brain development. Whether it can 
reverse the effects of prenatal hypothyroidism 
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remains to be determined. It is possible that in man, 
as in the rat, there may be a critical postnatal period 
during which the effects of earlier hypothyroidism 
can be reversed. However, our findings of a similar 
incidence of neurological disorders in patients 
treated before 10 weeks (Table 2 group la) and 
after 10 weeks (Table 2 group 1b) suggest that any 
such period must be very short. 

Our studies show that despite a level of intelligence 
within the normal range, children who have been 
hypothyroid in early life commonly show evidence 
of widespread minor impairment of brain function 
(Table 3). Such patients require careful assessment 
to forestall the development of further difficulties. 
Behaviour problems should be anticipated and 
families may require considerable support. Squint 
should be recognised early to try to prevent amblyo- 
pia and loss of binocular vision. Clumsiness requires 
sympathetic handling especially at school where 
there may also be learning difficulties. Vocational 
advice may be needed as some patients may be 
tempted to earn their living in manual jobs which do 


Appendix 1 Standards of normal motor abilities 
used in this study 





Touwen and Prechtl (1970) 


Hopping on one leg 4 years 5 to 8 times 


6 years Average 13 to 16 times. 25% 
more than 20 times 
7to8 years Majority 20 or more times 


Able to do after 3 years 

3 deviations acceptable up to 
7 years 

Thumb and index after 5 years 


Toe and heel walking 
Walking along line 


Pencil grasp 


R. MacFaul (unpublished) (from a study of 166 children (88 boys) in a 
primary school, described by teachers as normal) 


Percentage 





5-7 years 8-11 years 
(n — 63) (n — 103) 
Bead threading 
Unable 0 0 
Poor quality 3-2 | 
Alternating movements 
Unable 7.9 4.8 
Poor quality 7.9 2.9 
Finger successive 
Unable 11 0 
Poor quality 6-3 0 
2 of the above 4.8 0 
3 or the above 0 0 
One leg stand 
20 seconds or more 58.8 100 
Up to 19 seconds 38 0 
Unable 3-2 0 
Choreic movements 20-6 14-6 
Jerky horizontal pursuit eye movements 9-5 3-9 


eS — ——— 
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Appendix 2 Abnormalities in children with a motor disorder 








Moderate number of big proximal jerky movements impairing all fine movements. Great 
difficulty achieving correct order of finger movements. Unable to stand or hop left leg. 


Slapping clumsy running with limited arm movements. Unable to do alternating movements 


Poor quality writing. Clumsy threading and building 1 inch blocks. Tense and excessive 
flexion on finger successive movements. Slow on stairs. Unable to stand on either leg more 
than 18 s. Odd ‘main d’accoucher’ posture in arms on hopping, tiptoeing, and heel 
walking. Waving on attempt at alternating movements 

Poor writing. Block building clumsy, using two hands. Clumsy threading with high 


frequency tremor. Finger flexed to palm on finger successive movements. Slow and 
deliberate in all tasks. Left foot elevated less than right on heel and toe walking with right 
arm adopting fixed flexion posture. Heavy hopping. Awkward alternating movements 


Clumsy on block building and bead threading. Marked intention tremor of left arm. Slow 
repetitive hand taps. Abnormally poor balance. Left foot elevated less than right on heel 


Very clumsy on block building and bead threading. Unable to do finger successive 
movements. Plans fine movements badly. Unable to hop or balance on one leg or walk on 


line. Unable to walk on toes. Stairs one at a time holding on 


Poor writing, clumsy threading. Poor balance left leg, clumsy slapping running with 


reduced arm movements. Unable to walk along line (fell twice) 


Poor quality finger successive movements. Poor writing. Slow and careful on stairs. Poor 
balance (9 s) right leg. Passive pronation and supination of arm leads to mirror movements 


in other arm. Unable to do alternating movements 


Case Age Full Motor disorder 
(years) scale ————————— -— — 
IQ H yper-reflexia, Description 
alternating, gross, fine 
2 7.6 84 Fine, gross, 
alternating. Chorea 
3 17-4 84 Fine, gross, 
alternating, hyper- 
reflexia. Pyramidal 
signs both legs 
5 21 122 Fine and gross 
6 11-3 99 Alternating Waving alternating movements 
8 10 71 Alternating Unable to do alternating movements 
10 5.25 77 Fine and gross mild 
dysequilibrium 
and toe walking 
11 5-5 90 Fine, gross, 
hyper-reflexia 
13 16.25 94 Gross 
17 9.75 88 Alternating hyper- 
reflexia 
18 13-5 75 Gross, dyspraxic 


Poor quality finger successive movements. Poor balance (10 s), 3 hops right leg. Unable to 


walk along line. Slow and holds on going down stairs. Hunched up and awkward on 
running. Dyspraxic on dressing and self care 


19 12-4 99 Hyper-reflexia 


21 10-6 77 Gross, hyper-reflexia. 
Pyramidal signs left 
leg 
24 6-6 81 Fine, alternating 


hyper-reflexia. Upper 
limb ataxia 
Fine chorea 
Alternating hyper- 
reflexia 


Poor balance (5 s), only 6 hops left leg. Slow and crablike on stairs. Slapping gait, left heel 
and toe elevated less than right, tight left heel cord, left plantar upgoing 


Marked intention tremor in arms. Poor balance (7 s), only 3 hops either leg. Unable to do 
alternating movements 


Chorea of face and arms impairs all fine movements 
Poor balance either leg (6 s) unable to hop either leg. Unable to do alternating movements 





not require high intelligence but which call for 
Gexterity. This dilemma is not confined to patients 
with poor intelligence. For example, one of our 
patients who is training to be an accountant has 
great difficulty in tabulating figures and operating a 
calculator. 
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Reverse triiodothyronine, thyroid hormone, and 
thyrotrophin concentrations in placental cord blood 


P. G. H. BYFIELD, DAPHNE BIRD, R. YEPEZ, MARIANNE LAND, AND 
R. L. HIMSWORTH 


From the Divisions of Clinical Chemistry and Clinical Investigation, Clinical Research Centre and Northwick 
Park Hospital, Harrow, Middlesex 


SUMMARY Reverse triiodothyronine (rT3), triiodothyronine (T3), thyroxine (T4), thyroxine 
binding globulin (TBG), and thyrotrophin (TSH) were measured in sera from placental cord blood 
in an unselected series of 272 deliveries. In this series the concentrations of 1T3 (mean 3 :33 nmol/l, 
95% confidence limits 1 -6—7 -0 nmol/l), were log normally distributed and did not overlap the adult 
normal range (0 -11—0 -44 nmol/l). There were no correlations between the cord blood concentrations 
of rT3, T3, T4, and TSH. The cord serum rT3 concentration was not influenced by maturity, birth- 
weight, or neonatal risk factors, whereas these factors did affect the concentrations of T3, T4, and 
TBG. There is no arteriovenous rT3 concentration difference across the placenta, therefore the 
cord rT3 reflects the systemic rT3 concentration in the baby at birth. As rT3 in the neonate largely, 
if not entirely, derives from thyroxine from the fetal thyroid, measurement of the cord rT3 concen- 


tration may be a good immediate screening test for neonatal hypothyroidism. 


Congenital hypothyroidism is a fairly common 
disorder, often lacking immediate clinical manifesta- 
tions, in which delayed diagnosis may result in 
permanent neurological damage owing to a deficiency 
of thyroid hormones (TH) in the postnatal period. 
Until the development of radioimmunoassays for 
TH and thyrotrophin (TSH), attempts to screen 
all babies for this condition were impracticable. 
The problem has not been resolved by the 
introduction of such assays, for at birth the con- 
centrations of the various thyroid-associated hor- 
mones differ markedly from the normal levels in 
children and adults; moreover, in the hours and days 
after birth they fluctuate widely (Erenberg et al., 
1974; Fisher and Sack, 1975). Recently it has been 
found that reverse triiodothyronine (3,3 ,5'- triiodo- 
thyronine, rT3), a metabolically inactive derivative 
of thyroxine (T4), is present in cord blood at a much 
higher concentration than in the adult (Chopra et al., 
1975). It has been suggested, by a committee of the 
American Thyroid Association (1976) among others 
that the cord blood concentration of rT3 might 
possibly be an indicator of present and future 
thyroid function in the human newborn infant. 

We have recently developed a sensitive radio- 
immunoassay for rT3 in unextracted serum. In this 
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study we examine the interrelations of the serum 
concentrations of rT3, T4, triiodothyronine (3,5,3’- 
triiodothyronine, T3), thyroxine binding globulin 
(TBG), and TSH in a large number of cord blood 
samples collected in the obstetric unit of a district 
general hospital. 


Subjects and methods 


Placental cord blood samples were obtained from 
272 out of 384 consecutive deliveries in the maternity 
unit of Northwick Park Hospital. The records of all 
384 cases showed that no selection factors were 
apparent and that the samples were representative of 
the series as a whole. 

Blood was collected from the placental vein by 
venepuncture after the cord had been clamped and 
the placenta delivered. The blood having been 
allowed to clot, the serum was separated and stored 
at —20°C until assayed. 

Reverse T3 was measured by radioimmunoassay 
using a rabbit rT3 antiserum (final dilution 1:5000) 
which did not react significantly with other TH or 
their derivatives (rT3 100%, T4 0-08 %, T3 0-003 %). 
1*5[.] -rT3 was used as a tracer and L-rT3 as standard 
in the assay. The separation of free from bound 
antigen was achieved by the addition of a second 
antibody and centrifugation. In the assay of cord 
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samples 200 ul of a 1:16 dilution of serum in buffer 
was added to the assay tubes which also contained 
100 ug 8-anilino-naphthalene sulphonic acid to 
dissociate rT3 from binding proteins. 

Thyrotrophin was measured by radioimmuno- 
assay using a rabbit TSH antiserum (MRC 72/356) 
and '?^I-hTSH (DE-32-3). The standard in the assay 
was the WHO Ist International Reference Prepara- 
tion of Human TSH for immunoassay (68/38). 
Thyroxine and T3 were also measured by radio- 
immunoassays which are routinely used in the 
hospital. 

Thyroxine binding globulin was measured by 
radioautography of ‘rocket’ immunoelectrophoresis 
plates of serum samples which had been preincubated 
with “I-T4 (Drysdale er al., 1975). A pooled serum 
standard (TDP) was included in each assay and the 
results were expressed as a percentage of this 
standard. Because this TDP standard contained a low 
level of TBG (6:9 mg/l) the mean normal adult 
serum concentration by this method is 154°% while 
in pregnant women the values are approximately 
30% higher. 

All measurements were made in duplicate. In a 
few instances there was insufficient serum to assay 
each substance, hence the numbers in the subtotals 
of the tables may differ. The complete data were 
stored and processed by computer. Results are 
expressed as means and 95% confidence limits. 
In some cases the observed values were log normally 
distributed (confirmed by plotting the data on prob- 
ability paper and calculating the difference between 
the observed and expected distribution) in which 
case the calculations were made on the log trans- 
formed data. It has been assumed that if a group of 
data is log normally distributed then subgroups of 
those data will also be so distributed, and calcula- 
tions, including the significance of any differences 
(by ¢ test), have been made accordingly. The prob- 
abilities should be regarded with some caution in 
view of the fact that some tests have been made 
which are not truly independent of each other. 


Results 


Group rT3, T3, T4, TBG, and TSH concentrations. 
The overall results are set out in Table 1 which also 
gives the normal ranges for adults measured in the 
same laboratory as a comparison. The distribution of 
results for both rT3 and T3 was log normal, as can 
be seen from Figs. 1 and 2 in which the calculated 
expected distribution curves are superimposed on 
the histograms of the actual results. The distribution 
of all TSH determinations was more nearly log 
normal than normal but even the transformed data 
did not conform to any simple pattern (log normal 


y? 20:56, 9 df, 0:025 — P—0-01). For simplicity the 
TSH data have been considered to be log 
normally distributed for the purpose of further 
analysis. The results for both T4 and TBG did not 
differ from a normal distribution pattern (P>0-6 
and 0-4 respectively). 


Table 1 Placental cord serum concentrations of 
thyroid hormones, TBG, and TSH compared with the 
normal range in adults 





Cord blood Adults 
(normal 
No. Mean 95% confi- range) 
dence limits 
rT3 (nmol/l) 269 3.33* 1-6-7-0 0-11-0-44 
T3 (nmol/l) 258 0.59* Q-3-1-3 1-2 -2.8 
T4 (nmol/l) 237 126 72-180 60-150 
TBG % laboratory 
standard 268 195 145-245 122-186 
TSH (mIU/l) 269 11-1* 2-62 is 








*Geometric mean of concentration 
Conversion: SI to traditional units—T3: 1 nmol/l « 0-65 ng/ml. 
T4: 1 nmol/l œ 0-078 ug/100 ml. 
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Fig. 1 Serum rT3 concentration in 269 cord blood 


samples. The values are log normally distributed and 
the expected distribution curve calculated from the data 
has been superimposed (y? 5-28, 10 df, 0-90 — P 0.8, 


Number of patients 
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Fig. 2 Serum T3 concentration in 258 cord blood 
samples. The values are log normally distributed and 

the expected distribution curve calculated from the data 
has been superimposed (y? 11-29, 9 df, 0-30 P 0-20). 
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It can be seen from Table 1 and Fig. 1 that the 
mean cord serum rT3 concentration is considerably 
higher than in adults and that the two ranges do not 
overlap. In 6 pairs of samples obtained during 
caesarean sections the cord arteriovenous rT3 con- 
centration difference was measured and found to be 
negligible. The cord blood results therefore accu- 
rately indicate the systemic serum rT3 concentration 
in the baby at birth. The mean cord serum T3 was 
less than is usual in adult hypothyroidism. The TBG 
concentration was elevated and similar to that seen 
in maternal sera in late pregnancy, while the T4 
concentration although raised was not as high as 
would have been expected in adults with comparable 
TBG levels. The TSH varied widely and there were 
10 results greater than 50 mU/I. 

None of the babies from whom samples were 
obtained has developed hypothyroidism (follow-up 
> than six months). 


Effects of maturity and weight at birth. There were 
no significant differences in rT3 or TSH in the 
different categories (Table 2). Serum T4 increased 
with both maturity and birthweight, these changes 
being only partly accounted for by the higher TBG 
levels at term. The T3 concentration increased with 
the T4. 


Effects of neonatal and maternal risk factors. An 
attempt was made to assess the effects upon cord 
TH, TBG, and TSH concentrations of either a 
difficult delivery or poor state of the baby at birth. 
Any form of assisted delivery, other than induction 


Table 2 Effect of maturity and birthweight upon cord 
serum thyroid hormone, TBG, and TSH 





concentrations 
Maturity Birth-  rT3 I3 T4 TBG % TSH 
(weeks) weight (nmol/l) (nmol/l) (nmol/l) laboratory (mIUJI) 
(kg) standard 
3.53 0-40a 97d 183 10-5 
<38 <2.75 1-4-8-9 0-2-0-9 41-153 129-237 2-48 
(12) (10) (10) (12) (12) 
2.86 0.49b 115 1808 13-5 
<38 >2-75 1-3-6.2 0-2-1-0 77-153 126-234 5-38 
(12) (13) (12) (12) (13) 
3-05 0-53 115€ 195 10-8 
> 38 «2.75 1-3-7-0 0-2-1-2 71-159 149-241 1-80 
(19) (18) (15) (19) (18) 
3.37 0-61c 129f 196h 11-1 
> 38 >2-75 1-6-6-9 0-3-1-4 77-181 146-246 2-6l 
(218) (209) (193) (218) (219) 
P a-b d-f g-h 
<0-001 <0-001 <0-05 
b-c e-f 


—0.02 <0-05 





Means and 95 % confidence limits, numbers of samples in parentheses. 
Significances of the differences between the means of the entire data 
have been calculated, but only where the probability (P) is <5% is 
the result presented. 


or episiotomy, was considered to be a maternal 'risk 
factor'. Because epidural anaesthesia is often used in 
the maternity unit a relatively large proportion of 
deliveries were by forceps. Any baby sent to the 
special care baby unit was taken to be at risk and this 
included all babies weighing less than 2:5 kg. As 
before neither the rT3 nor the TSH concentration 
was affected by these various factors. Maternal risk 
factors in isolation were without effect on any of 
the measurements. The TBG, T4, and T3 were all 
lower in the presence of neonatal risk factors and 
this was only partially explicable by low birthweight 
or early delivery. 


Correlations. The entire data were examined to see 
whether there were any simple correlations between 
the total or free serum concentrations of any of the 
substances which had been measured. There was 
none which was especially close. In particular rT3 
concentration was unrelated to the levels of the 
other TH or to TSH. The closest correlation was 
between T4 and log T3 concentrations (r = 0-45). 
There was a diminishing degree of correlation 
between the concentration of TBG and those of 
T4, T3, and rT3 (r — 0-28, 0-10, and 0-02 respec- 
tively). There was no obvious relationship between 
the T3/rT3 ratio and T4 concentration. 


Discussion 


Congenital hypothyroidism occurs in approximately 
] in 6000 live births in North America but the 
prevalence may vary from country to country. 
Although the role of the thyroid gland in the 
development of the human fetus is not established, 
there is no doubt of the need for thyroid hormones 
in the first months of life. Even among cases 
of congenital hypothyroidism treated before 
6 weeks of age the proportion of children who 
later have an IQ lower than 90 is greater than 
expected (MacFaul and Grant, 1977). Ideally 
therefore any screening programme for the detection 
of this condition should be based on a sample 
obtained at birth, or very shortly after, so that it can 
be processed rapidly to give a reliable indication of 
the function of the thyroid gland. 

At the time of birth, and in the days immediately 
afterwards, the normal physiological relationships 
between the various TH and TSH are not yet 
established. Thus our findings bear out those of 
many others that, in contrast to the adult situation, 
the placental cord serum TSH concentration may be 
markedly elevated in the presence of a normal T4 
level, and that there is no simple relationship 
between the two measurements in any individual 
case. Furthermore, we have found that there is no 
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evident dependence of the serum TSH on the 
concentration of T3 in the serum although the latter 
may be low and comparable to that found in adult 
hypothyroidism. 

Although T4 can be measured in cord blood by 
methods which are in widespread use, its concentra- 
tion is determined in part by the size and maturity 
of the baby (Table 2) and largely by the amount of 
TBG in the sample. TBG deficiency is not uncommon 
and the serum concentration of TBG is also reduced 
in preterm or small babies (Table 2). Thus a low 
cord blood T4 may not of itself indicate hypo- 
thyroidism. Moreover, although the placental cord 
serum T4 concentration is usually low in babies 
subsequently shown to have congenital hypo- 
thyroidism, values in the lowest part of the normal 
range have been reported in this condition (Walfish, 
1975; Klein er al., 1976). 

It seems therefore that none of the measure- 
ments used to define hypothyroidism in children and 
adults can be relied on at the time of birth. As 
about 10% of cases of congenital hypothyroidism 
may result from a failure of TSH secretion 
(Dussault et al., 1976) any strategy for the detection 
of hypothyroidism in the newborn infant should be 
based on the measurement of a product of the 
thyroid gland; hence the interest in rT3. 

Reverse T3 is present in the blood at birth in a 
concentration greatly in excess of T3, which is the 
opposite of the situation in adults (Table 1). In our 
series the mean serum rT3 concentration was 8 times 
the upper limit of the normal adult range and the 
sample with the lowest concentration was twice this 
upper limit (Fig. 1). These values are similar, allow- 
ing for minor assay differences, to those in the 
smaller series reported by others (Chopra et al., 
1975; Burger et al., 1976; Burman ef al., 1976; 
Ratcliffe et al., 1976; Hüfner et al., 1977). The cord 
serum rT3 concentration at birth largely reflects the 
output and functioning of the fetal thyroid gland 
because it is most probably the principal derivative 
of T4 in the human fetus, and because T4 does not 
pass in significant amounts directly from the maternal 
to the fetal circulation (Fisher e: a/., 1964), although 
a small amount may reach the fetus through the 
amniotic fluid. We have found that there is no trans- 
placental rT3 concentration gradient, therefore the 
concentration of rT3 in blood obtained from the 
placental cord after the cord has been cut is the 
same as that in the baby at birth. Although rT3 
derives from T4 there were no obvious interrelation- 
ships between the rT3 concentration in the samples 
and the concentrations of T4, T3, TBG, and TSH. 
It seems therefore that rT3 may fulfil the 
requirements for a suitable substance to measure in 
a screening programme for congenital hypothy- 


roidism: it is easily measured by a rapid immuno- 
assay; it is present at birth in a high concentration 
which is uninfluenced by the weight, maturity, mode 
of delivery, or condition of the baby; the normal 
range, conforming closely to a logarithmic distribu- 
tion is restricted and can be precisely defined. 
Furthermore, we have found in preliminary studies 
that rT3 may be readily eluted from dried spots of 
blood on filter paper; therefore the handling and 
processing of many samples should be easy. 

There are as yet no reports of the serum rT3 
concentration in the cord blood of babies later 
found to be hypothyroid. In adult hypothyroidism 
the serum rT3 concentration is relatively more 
reduced than is the T3 concentration (Ratcliffe et al., 
1976), thus the monodeiodination process seems not 
to be random but to be related to the availability of 
the substrate, thyroxine. In one serum sample 
obtained a week after birth from a baby subsequently 
shown to have hypothyroidism the concentration of 
rI3 was immeasurable (Burger et al., 1976). It 
appears probable therefore that the rT3 concentra- 
tion in congenital hypothyroidism will be subnormal 
at birth. We feel that the measurement of cord serum 
rT3 should be further evaluated before deciding on 
the strategy for a screening programme for congenital 
hypothyroidism. 
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Clinicopathological findings in patients with primary 
and secondary defects of neutrophil mobility 


A. FARHOUDI,* B. A. M. HARVEY, AND J. F. SOOTHILL 


From the Department of Immunology, Institute of Child Health, London 


SUMMARY Twenty-eight patients with defective neutrophil mobility were classified, largely on 
results of parent values, into primary (17)—mainly Shwachman’s syndrome—and probable secondary 
(11). They presented with frequent infections and/or allergy and these symptoms were essentially 
similar in both groups. Neutropenia was virtually confined to the patients with Shwachman’s 
syndrome. Diagnoses associated with secondary neutrophil mobility defects included hydrocephalus 
with shunt, cystic fibrosis, and immunoglobulin deficiency. The neutrophil mobility of nearly all the 
patients studied increased when levamisole was added in vitro, but there was no clear evidence of 


clinical benefit when patients were given the drug. 


There have been several reports of defects of 
neutrophil mobility in patients presenting with 
frequent infection (Miller et al., 1971) or allergy (Hill 
and Quie, 1974). Sometimes these were associated 
with recognisable familial syndromes—for example 
Chediak-Higashi disease (White, 1966), defective 
actin binding (Boxer et al., 1974), or Shwachman's 
syndrome (Aggett et al., 1978) but most were 
sporadic. Neutrophil mobility is influenced by 
environmental factors, such as infection, and by 
drugs including corticosteroids (Schär and Meier, 
1960). 

In any particular patient the only way to establish 
that defective neutrophil mobility is primary is by 
detecting a defect in relatives, preferably in symptom- 
less parents. We compared the findings in 28 patients, 
classified in this way as primary or probable 
secondary. 


Methods 


To measure neutrophil mobility, neutrophils were 
isolated from heparinised blood by dextran sedi- 
mentation, washed in Hanks's medium, and re- 
suspended at 2 x 10°/ml. Chemotactic factor was 
generated from serum from a healthy donor by 
Escherichia coli endotoxin (Difco) in Hanks’s 
medium. The mobility of the neutrophils in 0:25 ml 
of this suspension through millipore membrane of 
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3 um pore diameter was measured by the method of 
Aggett et al. (1978). After 3 hours’ incubation the 
membrane was separated, washed free of red cells, 
placed in isopropyl-alcohol, washed, stained with 
haematoxylin, dehydrated, cleared, and mounted on 
slides. The distance travelled by the front of neutro- 
phils was measured by using a micrometer on the 
fine adjustment of the microscope ( 40 objective). 

Neutrophil bacterial killing was measured by a 
modification of the method of Quie er al. (1967). C3 
was measured by an immunodiffusion method using 
whole human serum as standard. 

Neutrophil mobility was measured in patients with 
unexplained frequent infections and in some with 
allergic disease. Data from a limited control led us 
to choose the value of 75 um for diagnosing defective 
mobilities; more data have now led us to reappraise 
this limit (see below), but it was used for diagnosis 
in this series. 28 patients gave values below this 
limit. After observing that there was defective 
neutrophil mobility in patients with Shwachman's 
syndrome (Aggett et al., 1978), we included 13 
patients with this syndrome and defective mobility. 
One patient with Shwachman's syndrome in whom 
the mobility was within the normal range was 
excluded. 


Results 


The results of neutrophil mobility with and without 
chemotactic stimulation in 48 healthy adults are 
shown in Fig. 1; values were essentially normally 
distributed with means (--SD) of 109-5 + 15-7 um 
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Fig. 1 Leucocyte mobility (um) with or without chemotactic factor (+ CF, —CF) in healthy adults, patients under 
study, and some of their parents. The patients and parents classified as primary or secondary are plotted separately; 
Shwachman (13) -W ; others, primary (4) —o0, secondary (11) — A. 


for the stimulated groups and 60 + 21:3 um for the 
unstimulated groups giving lower limits of normal 
of 78 (stimulated) and 18 um (unstimulated). 

A control series of healthy children was not 
available but the distribution of values in 154 
children aged one year or more and tested for 
diagnostic purposes suggests that there is a similar 
range in children of this age group to which is 
added a tail of low values. We also studied 54 of 
their parents. 

We selected 28 children attending The Hospital for 
Sick Children, for whom full clinical data were 
available, who gave values of stimulated neutrophil 
mobility that were lower than our preliminary 
diagnostic level of 75 um. 

We measured neutrophil mobility in both healthy 
parents of 10 patients and in one parent of 11 others. 
If one or both parents of a patient gave a value 
<78 um, or if the patient had Shwachman’s 
disease we classified the case as primary. If the 


parents’ values were normal, but there was a possible 
cause of secondary defect, or if the parents were not 
tested, the patients were classified as probable 
secondary. 

The results of neutrophil mobility, stimulated and 
unstimulated, in these groups are shown in Fig. 1. 
The unstimulated mobility in the patients in both 
groups and parents in the primary group were also 
lower than that of the control group (primary 
patients, f = 6:58 P<0-0005; secondary patients 
t = 5-59, P<0-0005; primary mothers, £ = 3-89, 
P<0-0005; primary fathers, ¢ = 2:61, P<0-01). 
The unstimulated values of the parents in the 
secondary group were not low. We have reported 
elsewhere that the results in these parents of patients 
with Shwachman’s disease were consistent with 
manifestation of heterozygosity for an autosomal 
recessive gene. The 4 patients in the primary group 
who did not have Shwachman’s disease were 
selected because one or both parents had low values 
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of stimulated neutrophil mobility. All had mothers 
with defective stimulated mobility, and their un- 
stimulated values also tended to be low. One of the 
3 fathers studied also gave low values, suggesting an 
autosomal recessive disorder, but the other 2 were 
normal; as one patient was a girl, this does not 
necessarily point to an X-linked inheritance. 

Twelve of 17 in the primary group had neutro- 
penia; 11 of these had Shwachman's disease, and one 
did not. Only one patient (with immunoglobulin 
deficiency) in the secondary group was neutropenic; 
there was a significant (P— 0-005) difference between 
the two groups. 

The incidence of certain selected clinical features 
(frequent infection—especially otitis media and skin 
infection—failure to thrive, diarrhoea, and allergy) 
in the two groups are shown in Tables 1 and 2. These 
features which were the reasons for suspecting the 


Table 1 
Case Age Sex Frequent Otitis Skin Failure 
(years) infection media infection to thrive 


I* 28 M + = 5 $ 
2* 3 M + 4 + + 
3 2 F + = = 4 
4* 16 F + + — + 
9* l M + = T T 
oe* 9 F T + - + 
7 13 M sb à = 4: 
8* 2 F = + + + 
9* 3 F » - e: + 
10* 5 F 4: » - 4 
11* 8 F + + - + 
12* 12 M ai a » 4 
13* 21 M ET a " H 
l4 3 M + + + + 
IS 2 M 4 "« "n d 
16 11 F + = ry " 
7 3 F fe 4 “ a 


*Shwachman's syndrome. NT — not tested. 


}+l++4++4+4+4+4+4+44+4 


diagnosis, were common in both groups; the only 
significant difference was that diarrhoea was more 
common in the primary group (P=0-014) but this 
was largely confined to the patients with Shwachman's 
disease in whom it is a result of their pancreatic 
insufficiency (Table 3). 

Two patients out of 11 in the secondary group had 
a Pudenz ventricular shunt for hydrocephalus. Case 
25 of the secondary group had several episodes of 
infections, allergic disorders, and a high level of 
IgE (76000 units/ml), as did the patient described 
by Hill and Quie (1974). But as our patient was being 
treated with corticosteroids we do not know whether 
the mobility defect was primary or an effect of the 
treatment. She, and Case 26, also had defective 
bacterial killing. 

Cases 20, 21, and 22 were siblings, and all had 
frequent infections and splenomegaly, as did their 
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Diarrhoea Allergy Neutrophil Leucocyte mobility (yum) C3 

count x 

109 jlitre Controls Stimulated 
+ 1002 13-1 55-5 176 
— 792 22.8 30.8 NT 
— 3320 19-6 30-3 124 
+ 800 10-1 11-5 168 
— 340 32.5 36.0 16 
+ 325 17-2 34-9 128 
— 1400 29.1 45.0 188 
— 400 0 0 108 
— 210 30-1 34.6 128 

800 29.0 35.4 104 

— 114 18-8 43-3 248 
— 1650 36.5 64.4 156 
— 510 42.9 44.0 120 
+ 7788 19-3 37-8 100 
-= 4768 30-4 39-8 NT 
— 390 51-3 45.9 128 
T 1976 8.4 32.4 NT 

Mean 24.1 36-5 


Table 2 Clinical and laboratory findings in patients with secondary leucocyte mobility defect 


Case Age Sex Frequent Otitis Skin Failure Diarrhoea Allergy Neutrophil Leucocyte mobility (um) CIA 
(years) infection media infection to thrive count x 

109 litre Controls Stimulated 
ee 
18 I M + + + + + + 0-290 17-4 40-6 192 
19 l F + = + 1- + — 4-558 24-8 43.8 92 
20* 3 M ES -+ — -+ — — 2-365 30-8 67-5 92 
21* 4 F + + — + + — 2.709 30-9 60-1 116 
Ja" 2 F — = — — — — NT 36-6 56.5 NT 
23 1 F — — — - -- 1-475 36-0 64-1 NT 
24 3/4 F + — — — — — NT 22.3 57.3 NT 
25 3 F 4. + + + — + 6-500 34-5 74-0 43 
26 8 M u + + — — ES NT 11-7 56-7 96 
27 l M + — + + — — 5-678 23-6 54-7 112 
28 4 F =- — — -+ — — NT 29.4 68-6 NT 

Mean 27-0 58.5 

SD 7.9 10-0 


*Siblings. NT — not tested. 
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Table 3 Frequency of certain clinical and laboratory 
findings in patients with defective neutrophil mobility, 
primary and secondary 





Clinical and 
laboratory findings 


Patients with each finding 


Primary group (17) Secondary group (11) 





n 26 n 25 
Frequent infections 14 82 9 82 
Otitis media 7 41 5 45 
Skin infection 6 35 5 45 
Diarraoea 13 76 3 27 
Failure to thrive 16 94 7 64 
Allergic disorders 5 29 3 27 
Neutropenia 12 71 1 9 
Immunoglobulin 
deficiency — — 2 18 
2 18 


Bacterial killing defect — — 





mother. Two of them and the mother had had diar- 
rhoea and failure to thrive. We obtained one low 
mobility value or more in each of the children, but all 
gave normal values at other times, and the mother’s 
value and that of the healthy father were normal. The 
clinical state was not obviously related to the value 
obtained. We cannot be sure whether the mobility 
abnormality was the cause of this family’s troubles 
or whether both were the effect of another un- 
diagnosed defect. 

The qualitative nitroblue tetrazolium (NBT) dye 
test after in vitro stimulation with E. coli endotoxin 
(presumably a complement mediated stimulus) 
was normal in all groups. The unstimulated values 
were above the highest value observed in healthy 
controls (12°%) in 9 of the 16 primary patients, and 
in 5 of their 10 parents. The 3 secondary patients 
gave raised values but 2 of their parents gave 
normal results. 

When levamisole was added to the medium in vitro 
at a concentration of 107? mol/l, neutrophil mobility 
was increased in all except 2 of the 13 cases with 
primary or secondary mobility defects (Fig. 2), but 
the mobility of polymorphs from 3 healthy subjects 
was reduced. Some effect was seen at 10^ * mol/l, 
but none at lower concentrations. The drug was 
given to one child with primary defect (Case 14) 
and to 2 with secondary defects (Cases 21 and 26). 
The mobility of the neutrophils improved in 2 while 
they were being treated; unstimulated values in- 
creased from 13 to 37, and stimulated values from 
28 to 111; unstimulated values from 14 to 37, 
stimulated values from 47 to 64, but there was no 
obvious clinical benefit, and the change of mobility 
may have been random, or the result of other 
extraneous factors. 


Discussion 


There have been several reports of the association 


120 


90 


80 


70 


um 


60 


50 


40 


30 





20 
0 10"? 


Levamisole (mol/l) 
Fig. 2 Mobility (um) of leucocytes from 13 patients 
with defective mobility (& e) and 3 healthy 
controls (€— ——€) with and without in vitro 
incubation with levamisole. 





of defective neutrophil mobility with disease, 
infective and allergic (Hill and Quie, 1974; Blum 
et al., 1977). In some reports on single cases there is 
clear evidence of defects in parents (Boxer et al., 
1974; Jacobs and Norman, 1977) and consistently 
within a complex syndrome, Shwachman's disease 
(Aggett et al., 1978). But leucocyte mobility is very 
susceptible to environmental factors, so it is difficult 
to be sure whether the defect is primary or secondary 
in any particular case without such evidence. The 
symptoms ascribed to these defects have also been 
very varied. Some show severe allergy and others 
not; neutropenia, which has been ascribed to failure 
of neutrophil migration from marginating pools, is 
reported in some (Miller et al., 1971) but others with 
similarly defective neutrophil mobility are not 
neutropenic. No large series of such patients has 
systematically been studied. We have therefore 
analysed the symptoms and laboratory findings of 
28 patients with defective neutrophil mobility, 
classified as primary if one or both parents give low 
values for neutrophil mobility (most of these are 
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Shwachman’s disease), or probable secondary if 
they did not, whether or not a possible cause of the 
defect was identified. 

Diagnosis of patients with such a defect depends 
on a suitable technique of measurement. Those 
derived from the membrane passing method of 
Boyden (1962) are the most widely used, but the 
many modifications indicate that current methods 
are unsatisfactory. This is because too many cells 
are often required for sampling a neutropenic child, 
the method is not adaptable to many samples, or 
because of variations in methods for determining the 
distance travelled through the membrane. The 
simple technique used in this study has been des- 
cribed elsewhere (Aggett et al., 1978), but we present 
here data on a population of healthy adults which are 
consistent with normally distributed data and a lower 
limit of normal of 78 um is established for this 
method. The distribution in ill children over one- 
year old suggests that similar limits may be applied 
to them, but leucocyte mobility in babies aged 5 days 
or less is lower (Miller, 1971) so more data from 
healthy children are needed before this limit can be 
fully established. 

Our 4 patients, without Shwachman’s disease, with 
defects in one or both parents confirm that there 
are more than one form of primary neutrophil 
mobility disorder. The only mechanism demon- 
strated so far is the defective actin binding shown by 
Boxer ef al. (1974). Jacobs and Norman (1977) 
described familial association of defective neutrophil 
mobility with HLA B12. We do not know whether 
these apply to any of our patients. 

Neutropenia was virtually confined to the patients 
with Shwachman's disease, who have deficiency of 
other blood cells and evidence of hypoplastic 
marrow (Shwachman ef al., 1964). Many patients 
with extremely defective neutrophil mobility had 
normal white counts and even neutrophilia, so we 
doubt whether slow migration from marginating 
pools is in fact a cause of neutropenia. 

Although we were aware of reports that allergy, 
especially eczema, was sometimes associated with 
defective neutrophil mobility (Hill and Quie, 1974), 
it was an unusual symptom in our series. Diarrhoea 
and failure to thrive was virtually confined to those 
with Shwachman's disease, in whom it is caused by 
the pancreatic insufficiency. We wonder whether 
some of the patients previously described with 
mobility defects, neutropenia, diarrhoea, and failure 
to thrive have, in fact, had Shwachman's syndrome. 

Most of the patients classified as probable 
secondary had no obvious cause, and they may well 
also have had primary defects. This is probable in 
the 3 siblings whose mother had a similar syndrome 
without the defect, but the inconsistency of the 


mobility defect in these 3 children indicates the 
difficulty of diagnosing and interpreting such data. 
We should stress, however, that many of the primary 
patients have been studied repeatedly and are 
consistently defective. The association in two 
patients with specific immunodeficiency (one during 
a period of transient neutropenia) and in another 
with cystic fibrosis, may well have been secondary to 
infection or its treatment. The very low value in one 
patient who was receiving corticosteroids is con- 
sistent with the previous reports that this and other 
drugs affect the function. Of special interest is the 
low value in 2 patients with hydrocephalus and 
Prudenz shunts; it is possible that in vivo activation 
of the neutrophils by the shunt has rendered them 
refractory. This could be relevant for the nephritis 
commonly associated with shunt infection, so we are 
investigating further the effect of these and other 
prostheses on this function. 

The raised number of NBT-positive cells in 
unstimulated preparations, compatible with excessive 
in vivo neutrophil activation, suggests that the 
surface events initiating polymorph activation occur 
normally in these patients. Many of the parents of 
the children in the primary group also had raised 
values, so the heterozygous state may have some 
functional significance. The in vitro bacterial 
phagocytosis and killing was normal in all but two 
of the secondary group. It seems likely that these 
two had a different defect from the majority, and 
that it was probably primary. Mobility and bacterial 
killing are both defective in Chediak-Higashi 
disease (White, 1966); these patients do not have this 
disease. 

Most of the patients presented with frequent 
infections in early childhood. The only one who has 
died (Case 6) also had gross defects of specific 
humoral and cellular immunity. Most of the others 
have improved as they have got older. Boxer et al. 
(1974) treated their patient with sibling bone marrow 
graft. We feel that such extreme measures are rarely 
warranted in these patients. Prophylactic septrin 
appears to be of value. Although levamisole produces 
an improvement of neutrophil mobility in vitro and 
in vivo, we have noticed as have others (Anderson 
et al., 1976; Wright et al., 1977) no obvious benefit 
when the drug is given in vivo; a similar in vitro 
effect of ascorbic acid (Boxer ef al., 1974) needs 
further in vivo appraisal. 
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Immunological studies in cystic fibrosis 
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SUMMARY Evidence is presented to support the concept that much of the allergy in cystic fibrosis 
(CF) is IgE mediated. Total IgE levels were higher in allergic than in nonallergic CF patients. Levels 
were also higher in those patients who had had the greatest number of chest infections in the 
preceding 12 months. IgE antibody levels to Dermatophagoides pteronyssinus, Timothy grass 
pollen, and Aspergillus fumigatus were higher in those with positive results from skin tests to these 
allergens. The serum IgG, IgM, and IgA levels of allergic and nonallergic CF patients did not 
differ but the overall mean values for IgG and IgM were higher than those reported for healthy 
British children. The highest levels tended to be present in patients with the greatest number of 
recent major chest infections and the difference was significant for IgG. 16 patients had IgA levels 
>2SD below the reported means for age-matched controls and 11 of these were nonallergic. IgA 
levels were also higher in patients who had recently experienced major chest infections. 45 of the 
patients were tissue typed for HLA A and B antigens but no significant clinical associations with 
single antigens were observed. The antigen phenotype A1--B8 was more common in patients with 
multiple allergic symptoms than in those with a single allergy or merely a positive result froma skin test 
Nonsignificant increases of W19 in patients with frequent infections and of A2 in patients presenting 
with meconium ileus were also noted. The data presented do not permit a choice to be made between 
the alternative concepts of allergy as a primary abnormality in CF, and allergy arising secondary to 
infection. 


There is an increased incidence of immediate skin 
hypersensitivity to various inhalent allergens, 
particularly moulds, in patients with cystic fibrosis 
(CF) (Mearns ef al, 1967; Allan et al. 1975; 
Warren ef al., 1975; Warner et al., 1976b). Warner 
et al. (1976a, b) suggested that the allergy arises as a 
result of defective allergen elimination at mucosal 
surfaces, because of abnormal mucociliary clearance 
in the respiratory tract, either secondary to infection 
or as a primary abnormality in CF. We report here 
the results of several immunological investigations 
and their relationships to allergy and recent chest 
infections in a large group of children with CF. 


Patients and methods 


Children with CF (sweat Na 70 mEq/l) 
attending the CF outpatient clinic at this hospital 
were studied. The patients were included in the 
study sequentially as they attended the clinic and no 
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attempt was made to be selective. Their ages ranged 
from 4 months to 18 years and none had serious or 
acute infection at the time of testing, although the 
extent of their chest disease ranged from very 
severe to slight. The number of major chest infections 
in the 12 months preceding the study was recorded. 
A major infection was one that required being in 
hospital and at least three of the following criteria 
being present: fever, increased cough with purulent 
sputum, breathlessness, and increased lung shadow- 
ing on x-ray. Prick skin testing was done on the 
forearms or back using 12 Bencard skin test anti- 
gens (house dust extract (150%), Dermatophagoides 
pteronyssinus (1:254) and Dermatophagoides farinae 
(1:255), feathers (150%), cat fur (150%), dog hair 
(15075), whole egg (6%), milk (10%), Timothy grass 
(2:575), rye grass (2:55), Aspergillus fumigatus 
(5%) and Cladosporium (109?7)) and a control 
solution. Reactions were examined between 15 and 
20 minutes later and considered positive if there was 
a weal of 3 mm diameter or greater. 

No patient reacted to the control solution. Blood 
samples were obtained at the time of skin testing and 
serum was stored at —70°C until required. 
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Serum IgE was measured by a modification of the 
double antibody procedure (Nye et al., 1975) using 
rabbit antihuman IgE (Hoechst Pharmaceuticals, 
England) in the first stage and donkey antirabbit 
serum (Wellcome Reagents Ltd) in the second stage; 
results were expressed as international units per ml 
using a commercial standard (Pharmacia) calibrated 
against the WHO IgE standard 58/341. The threshold 
of detectability in this assay was 4 IU/ml. 

IgE antibodies were assayed by a modification of 
the procedure of Wide ef al. (1967). Extracts of D. 
pteronyssinus. Timothy grass pollen, and A. fumigatus 
(Bencard) were coupled to cyanogen-bromide 
activated microcrystalline cellulose particles (Sigma). 
0-5 ml of a 1 mg/ml suspension of cellulose particles 
with bound antigen was mixed with 50 ul serum and 
incubated at room temperature for 16 hours with 
continuous mixing. The cellulose particles were then 
washed 6 times with physiological saline containing 
1% Tween-20 and 100 ul of '?I-labelled specific 
rabbit antihuman IgE (Fc-immunosorbent purified) 
added. After overnight incubation with agitation at 
room temperature, the supernatants were removed 
and the particles washed 5 times with physiological 
saline containing 1% Tween-20. Radioactivity was 
counted in a y counter and results expressed as a 
percentage of the total radioactive counts which 
became bound. All sera were analysed in a single 
batch and positive and negative controls were 
included. 

Serum IgG, IgA, and IgM levels were measured 
by the single radial diffusion method (Fahey and 
McKelvey, 1965) using antisera supplied by Well- 
come Reagents Ltd. A WHO reference standard for 
immunoglobulins (67/99) was used throughout and 
results expressed in IU /ml. 

HLA tissue typing was done by the microcyto- 
toxicity method (Mittal et al., 1968) on patients’ 
lymphocytes separated on a Ficoll-Triosil density 
gradient. Eight antigens of the A series and 14 
antigens of the B series were tested using 108 antisera 
kindly provided by the National Organ Matching 
and Distribution Service, Bristol. 

Differences in IgE antibody and total IgE, IgG, 
and IgM levels were analysed by Student's ź test 
on log-transformed data. The frequencies of indi- 
vidual HLA antigens and certain antigen combina- 
tions were analysed by y? tests (with Yates's 
correction) or by Fisher's exact test. 


Results 


IgE levels. The IgE levels of 103 patients with CF 
plotted according to age are shown in Fig. 1. With 
the assay used, the nonatopic adult mean value is 
17 IU/ml (2 SD, range — 2-195) and peak values are 
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O — patients who were skin test negative to all allergens; @ — patients 
with one or more positive skin tests. 


Fig. 1 Serum IgE levels of patients with CF. 


reached by approximately 5 years of age (unpublished 
observations). Patients were classified as allergic if 
one or more skin test gave positive results. Children 
who were allergic and at least 4 years old had a 
significantly higher mean IgE (75 IU/ml) than non- 
allergic children of the same age (10 IU /ml) (7 — 5:69; 
P<0-001). The percentage of children with a total 
IgE >20 IU/ml increased from 43% in the 5- to 
10-year-old group to 66% in those children older 
than 10 years, but this was not significant. 

The relationship between IgE level and recent 
chest infections was studied in children over the age 
of 5 years. Patients were grouped according to the 
number of major chest infections in the preceding 12 
months (group 1, no infections; group 2, 1 infection; 
group 3, 2-4 infections; group 4, >4 infections). 
Fig. 2 shows the mean IgE level of patients in each 
of these groups and Table 1 gives the / test compari- 
sons for the four groups and for patients with no 
infections (group 1) compared with patients having 
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Fig. 2 Mean IgE, IgG, and IgM levels of patients 
with CF, classified according to the number of major 
chest infections in the preceding 12 months. IgE data 
for patients aged 5 years and above; IgG and IgM data 
for patients aged 2 years and above. 
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infections. IgE levels are clearly related to the 
number of recent infective episodes. 


IgE antibodies. The levels of IgE antibodies to D. 
pteronyssinus, Timothy grass pollen, and A. fumigatus 
are plotted in Fig. 3. For all three allergens IgE 
antibody levels were significantly different between 
those patients who gave positive results and those 
who gave negative results to the skin test (D. 
pteronyssinus, t = 7:95, P—0-001; Timothy grass 
pollen, t = 6:66, P— 0-001; A. fumigatus, t = 5:97, 
P—0-:001). This is consistent with the view that the 
patient's allergy is, at least partly, IgE mediated. 


IgG, IgA, and IgM levels. The total serum IgG, IgA, 
and IgM levels in 106 patients with CF are plotted 
according to age in Fig. 4. The mean serum IgG and 
IgM levels for CF patients older than 2 years were 
131 IU/ml and 162 IU/ml respectively, both higher 
than the mean values reported by Hobbs (1970) for 
healthy British children (87 IU/ml and 106 IU/ml 
respectively). Some of the children below the age of 
2 years had surprisingly low levels of IgG and IgM. 


There was no significant difference between serum 
IgG and IgM levels in allergic and nonallergic CF 
children but a relationship between level and the 
number of recent infections was noted (Fig. 2 and 
Table 1). However, whereas children with no infec- 
tions had significantly lower IgG levels than those 
who had had one or more infections, there was no 
significant difference between the IgM levels in the 
groups of patients. 

As}IgA levels rise progressively with age, analysis 
of the data is more difficult. Overall, there was no 
obvious difference in the IgA level of allergic and 
nonallergic CF children. A surprising number of 
children had rather low levels of IgA. 16 were more 
than 2 SD below the mean reported for healthy 
British children (Hobbs, 1970) and 11 of these were 
nonallergic, a significantly higher proportion than 
in the rest of the CF children (y? = 4-3; P<0-05). 
In 3 of the 16 patients IgA was not detected 
(—4 IU/ml). 








Table 1 Student's t test comparisons of immunoglobulin concentrations in CF patients (grouped according to the 
number of major chest infections in the preceding 12 months* ). 
IgE IgG IgM 
n t P n t P n t P 
*Group | v. 2 60 1-8558 NS 75 3.0334 — 0-005 76 0-7195 NS 
] v. 3 5] 2-0545 <0-05 70 2.3447 <0-025 71 0-2631 NS 
lv. 4 53 5.9630 0-001 68 4.2242 <0-001 69 1-6756 NS 
2 v. 3 27 0-4342 NS 31 0-2465 NS 31 0-4112 NS 
2 v.4 29 3.5303 — 0-005 29 1 -7448 NS 29 1-3273 NS 
3v. 4 20 2.8793 — 0-01 24 1-6385 NS 24 1-5210 NS 
lv.2+3+4 82 4-0968 <0-001 101 4.5537 <0-001 102 1-3330 NS 


*Group | = 0 infections, group 2 = 1 infection, group 3 = 2-4 infections, group 4 = >4 infections. 


NS = not significant. 
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D. pteronyssinus 
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(A) as well as a skin test negative control value (N). 


Fig. 3 Levels of serum IgE binding to immunosorbents of D. pteronyssinus, Timothy grass pollen, and A. fumigatus 
95 counts bound) in patients with CF, classified as skin test positive or negative for each allergen. 


The relationship between IgA level and number of 
recent chest infections was studied by comparing the 
number of patients with serum IgA levels above and 
below the published age-related mean values for 
healthy British children (Hobbs, 1970). These data, 
presented in Table 2, show that IgA levels are also 
significantly related to the number of recent infective 
episodes. 


HLA typing. The frequencies of the HLA A and B 
antigens in 45 of the children with CF are presented 
in Table 3. The antigens W19, B5, and B12 were 
detected more often in the patients than in a control 


Table 2 Numbers of patients with CF with serum IgA 
levels above and below age-related British mean values 
(Hobbs, 1970). (Patients grouped according to the 
number of infections in the preceding 12 months.) 


Group* Above Below Fisher's exact test x? test 
mean mean 
2 

: A E \p<o-o1 | 

= P<0-01 

3 8 8 P —0-001 

4 1 l " — 0-025 j 

2,2,&4 32 14 


*See classifications of groups in footnote to Table 1. 
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O — patients who were skin test negative to all allergens; @ = patients 
with one or more positive skin tests. Mean --2 SD data for healthy 
British children (Hobbs, 1970) is indicated for each immunoglobulin. 


Fig. 4 Serum IgG, IgA, and IgM levels of patients 
with CF. 
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Table 3 Frequency of HLA tissue types in 45 patients 
with CF 





Patients with CF Normal blood donors 





Antigen No. of po^ No. of E 
times occurrence times expected * 
observed observed 
(n — 45) (n — 1036) 

A series 

Al 16 35 348 34 
A2 26 58 536 52 
A3 11 24 265 26 
A9 10 22 190 18 
A10 3 7 87 9 
All 1 2 106 10 
A28 0 0 38 4 
‘W19 12 2T 175 17 
B series 
B5 9 20 87 8 
B7 9 20 265 26 
B8 13 29 260 25 
B12 17 38 254 24 
B13 l 2 45 4 
Bw35(W5) 4 9 114 11 
Bw40(W10) 7 15 116 11 
B14 4 9 72 7 
Bw15 4 9 50 S 
Bw17 3 7 79 8 
B18 1 2 39 3 
Bw21 0 0 18 2 
Bw22 j| 2 55 5 
B27 4 9 77 7 





* Nelson et al. (1974). 


population but the differences were not significant 
after correction for the number of antigen compari- 
sons. This correction is used because in typing a 
group of patients for 20 different HLA antigens a 
spurious association with one of the 20 is likely to 
be significant at the 5% level (Svejgaard et al., 1975). 
Similarly, the frequencies of the three common HLA 
phenotypes A1--B8 (24%), A2+B12 (24%), and 
A3-- B7 (13%) did not differ significantly from the 
frequencies of these antigens in the normal popula- 
tion (G. H. Tovey, 1976, personal communication). 

The children with CF had the full range of allergic 
symptoms (Warner et al., 1976b) and as the HLA 
phenotypes Al + B8 and A3 -B7 are associated with 
different allergic manifestations in patients without 
CF (Turner et al., 1977), we examined these antigen 
combinations in the 28 CF patients who gave a posi- 
tive skin test result to one or more allergens. Of the 
18 allergic patients with a single clinical symptom 
only 2 had the A1--B8 combination and 3 had 
A3-+B27. Of the 10 allergic patients with two or 
more clinical symptoms, 4 had the Al + B8 combina- 
tion and none was typed positive for A3--B27 
(Fig. 5). These differences are not statistically 
significant in this small series but the trend is 
similar to that seen in our earlier study of non CF 
patients (Turner et al., 1977). 
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Fig. 5 Frequencies of the HLA antigen combinations 
A1 + B8 (solid column) and A3 + B7 (hatched column) 
in 18 CF patients with a single allergy (one allergic 
symptom and/or positive skin test) and 10 CF patients 
with two or more clinical symptoms of allergy. The 
incidence in a general population for these antigens is 
indicated by the horizontal lines. 


The relationship between tissue type and recent 
chest infections was studied using the four groups 
described above. No significant associations were 
noted but there was a trend for W19 to be increased 
in those with the most infections. This antigen was 
present in 4 of the 6 individuals who had >4 
infections but in only 8 of 35 individuals with fewer 
than 4 infections in the previous 12 months. Similarly 
W19 was observed in 8 of the 19 patients with recent 
infections but in only 4 of the 22 with no chest 
infections. 

Patients were also classified according to presenta- 
tion with or without meconium ileus and the tissue 
types of these two groups compared. The antigen A2 
was present in 9 of 11 patients presenting with 
meconium ileus compared with 15 of 30 without. 
This trend was not significant by Fisher's exact test. 


Discussion 


We have previously reported on the incidence of 
allergy in this CF population (Warner et al., 1976b). 
Unlike most atopic individuals CF homozygotes 
often have a large number of positive skin test 
reactions to the moulds A. fumigatus and C. 
herbarum (Mearns et al., 1967; Warner et al., 1976b). 


Nevertheless, our combined IgE and IgE antibody 
results suggest that much of this allergy is reaginic 
(Type 1 immediate hypersensitivity (Coombs and 
Gell, 1975). 

In a study of 40 patients with CF, Wallwork et al. 
(1974) also noted elevated IgE levels but Weeke et al. 
(1976), using the same radioimmunosorbent tech- 
nique (RIST), found ‘normal’ IgE levels in 30 of 
32 CF patients. These apparent discrepancies are 
probably due to the relative insensitivity of the 
original RIST technique at levels of IgE below 100 
IU/ml. Using the double antibody procedure we 
found clear differences (even below 100 IU/ml) 
in the IgE levels between allergic and nonallergic CF 
patients. 

In a study of 35 CF patients Warren ef al. (1975) 
reported elevated IgE antibodies to D. pteronyssinus 
in 3 of 5 patients with positive results to prick skin 
tests with this antigen. Similarly, elevated IgE anti- 
bodies to grass pollen and A. fumigatus were found 
in 7 of 9 and in 15 of 21 patients, respectively, with 
positive results to prick skin tests to these antigens. 
We have confirmed these associations in our larger 
series of 106 patients. 

IgG anaphylactic antibodies have been implicated 
in some types of immediate hypersensitivity (Parish, 
1970), and Shakib et al. (1976) have claimed that 
IgG4 levels were selectively elevated in 8 out of 18 
patients with CF. The authors suggested that this 
might be significant in view of the observations of 
Stanworth and Smith (1973) that IgG4 myeloma 
proteins can block baboon PCA reactions mediated 
by IgE reaginic antibodies. However, Shakib et al. 
(1976) also found an elevation of IgGl in 5 of 18 
patients and that, in general, those with high IgG4 
levels had evidence of recent infections. We have not 
investigated a possible anaphylactic role for IgG 
antibodies in the allergy of CF patients but in our 
series high levels of IgG were associated with 
frequent infection but not necessarily allergy. Before 
IgG4 reaginic antibodies can be implicated in CF, 
subclass specific antibody studies with appropriate 
allergen preparations will be required. 

IgA was not detected in 3 of 106 patients, a much 
higher incidence than that reported for the general 
population (1 in 500, Lancet, 1975). In view of the 
association between transient IgA deficiency and 
allergy (Taylor et al., 1973; Soothill et al., 1976), it 
is surprising that most of our patients with CF and 
low levels of IgA were not allergic. 

There is evidence that allergic CF patients have 
worse chest disease, a greater degree of bronchial 
lability, and are more likely to respond favourably 
to bronchodilators than are nonallergic CF patients 
(J. F. Price et al., 1978, unpublished). In the present 
study IgG, IgA, and IgE levels were significantly 


higher in the CF patients with several recent chest 
infections. A similar trend was noted for IgM but this 
was not significant. Wallwork et al. (1974), Warren et 
al. (1975), and Weeke et al. (1976) have also reported 
raised levels of IgG and IgA in smaller groups of 
CF patients but none of these authors has analysed 
data in terms of recent episodes of infection. 

Our failure to observe any abnormal frequency of 
HLA antigens in patients with CF is in agreement 
with another study of 24 patients (Polymenidis et al., 
1973) but it differs from a recent report (Kaiser et al., 
1976) in which the antigen B18 was said to be more 
common in both patients and  heterozygotes. 
However, the numbers studied were small (12 
patients and 32 heterozygotes) and only the patients 
differ significantly from the normal frequency if a 
correction for the number of antigen comparisons is 
made (Svejgaard et al., 1975). In our previous study 
of HLA antigens in various groups of allergic 
individuals (Turner et al., 1977) we found an increased 
incidence of the antigen combination A1--B8 in 
patients who had presented with eczema and subse- 
quently developed other allergic diseases. Patients 
with a single allergic disease did not show such an 
increase although the A1: B8 haplotype is known 
to be associated with many other nonallergic 
diseases—coeliac disease (McNeish ef al., 1973), 
dermatitis herpetiformis (Gebhard e: al., 1973), 
chronic active hepatitis (Mackay and Morris, 1972), 
and myasthenia gravis (Pirskanen et al., 1972), as 
well as with a high graft rejection rate in recipients of 
parental kidney grafts (Mickey ef a/., 1971). This 
has led to the suggestion that individuals with these 
antigens have a hyper-reactive immune response. 
Our observations that A1--- B8 occurs more often in 
CF patients with multisystem allergic disease than 
in CF patients with a single disease symptom is in 
agreement with our earlier findings and could be 
explained by such a hyper-reactive mechanism. 
The nonsignificant associations between W19 and 
recent infections, and A2 and meconium ileus are of 
interest but require confirmation in a larger series. 

The data obtained in this study extend our know- 
ledge of the immunological changes characteristic of 
CF and highlight the close association between 
recent infections and serum levels of the immuno- 
globulins, including IgE. Whether the high incidence 
of allergy in CF reflects IgE sensitisation secondary 
to infections with adjuventising organisms or arises 
through some unknown mechanism related to the 
underlying defect remains to be determined. We 
found no evidence to suggest linkage of the CF gene 
to the HLA complex and the strongest association 
observed (between AI--B8 and multiple allergic 
symptoms) is also commonly found in nonCF 
atopics. 


Immunological studies in cystic fibrosis 637 


We thank Miss Antoinette Skelton and Mr J. O'Shea 
for technical assistance. The Joint Research Board 
of this hospital and institute, and the Chest and 
Heart Association gave essential financial support. 


References 


Allan, J. D., Moss, A. D., Wallwork, J. C., and McFarlane, 
H. (1975). Immediate hypersensitivity in patients with 
cystic fibrosis. Clinical Allergy, 5, 255-261. 

Coombs, R. R. A., and Gell, P. G. H. (1975). Classification 
of allergic reactions responsible for clinical hypersensi- 
tivity and disease. In Clinical Aspects of Immunology, 
third edition, pp. 761—781. Edited by P. G. H. Gell, 
R. R. A. Coombs, and P. J. Lachmann. Blackwell: 
Oxford. 

Fahey, J. L., and McKelvey, E. M. (1965). Quantitative 
determination of serum immunoglobulins in antibody- 
agar plates. Journal of Immunology, 94, 84-90. 

Gebhard, R. L., Katz, S. I., Marks, J., Shuster, S., Trapani, 
R. J., Rogentine, G. N., and Strober, W. (1973). HL-A 
antigen type and small-intestinal disease in dermatitis 
herpetiformis. Lancet, 2, 760—762. 

Hobbs, J. R. (1970). Simplified radial immunodiffusion. 
Association of Clinical Pathologists Broadsheet No. 68, 
pp. 1-8. 

Kaiser, G. I., Laszlo, A., and Gyurkovits, K., editors (1976). 
HLA antigens in cystic fibrosis; an association of B18 with 
the disease. In HLA and Disease, p. 252 (abstracts). 
INSERM: Paris. 

Lancet (1975). Leading article: Selective IgA deficiency. 
Lancet, 2, 1291-1292. 

Mackay, I. R., and Morris, P. J. (1972). Association of auto- 
immune active chronic hepatitis with HL-A1,8. Lancet, 2, 
793-795. 

McNeish, A. S., Nelson, R., and Mackintosh, P. (1973). 
HL-AI and 8 in childhood coeliac disease. Lancet, 1, 668. 

Mearns, M., Longbottom, J., and Batten, J. (1967). Precipi- 
tating antibodies to Aspergillus fumigatus in cystic fibrosis. 
Lancet, 1, 538-539. 

Mickey, M. R., Kreisler, M., Albert, E. D., Tanaka, N., and 
Terasaki, P. I. (1971). Analysis of HL-A incompatibility in 
human renal transplants. Tissue Antigens, 1, 57—67. 

Mittal, K. K., Mickey, M. R., Singal, D. P., and Terasaki, 
P. I. (1968). Serotyping for homotransplantation. XVIII. 
Refinement of microdroplet lymphocyte cytotoxicity test. 
Transplantation, 6, 913—927. 

Nelson, S. D., Darke, C., and Tovey, G. H. (1974). HL-A 
antigen frequencies in normal blood donors, kidney donors, 
and prospective kidney recipients. Tissue Antigens, 4, 
361-365. 

Nye, L., Merrett, T. G., Landon, J., and White, R. J. (1975). 
A detailed investigation of circulating IgE levels in a 
normal population. Clinical Allergy, 5, 13-24. 

Parish, W. E. (1970). Short-term anaphylactic IgG antibodies 
in human sera. Lancet, 2, 591—592. 

Pirskanen, R., Tiilikainen, A., and Hokkanen, E. (1972). 
Histocompatibility (HL-A) antigens associated with 
myasthenia gravis. Annals of Clinical Research, 4, 304—306. 

Polymenidis, Z., Ludwig, H., and Gótz, M. (1973). Cystic 
fibrosis and HL-A antigens. Lancet, 2, 1452. 

Shakib, F., Stanworth, D. R., Smalley, C. A., and Brown 
G. A. (1976). Elevated serum IgG4 levels in cystic fibrosis 
patients. Clinical Allergy, 6, 237—240. 

Soothill, J. F., Stokes, C. R., Turner, M. W., Norman, A. P., 
and Taylor, B. (1976). Predisposing factors and the 
development of reaginic allergy in infancy. Clinical Allergy, 
6, 305-319. 


638 Turner, Warner, Stokes, and Norman 


Stanworth, D. R., and Smith, A. K. (1973). Inhibition of 
reagin-mediated PCA reactions in baboons by the human 
IgG4 subclass. Clinical Allergy, 3, 37-41. 

Svejgaard, A., Platz, P., Ryder, I. P., Nielsen, L. S., and 
Thomson, M. (1975). HL-A and disease associations—a 
survey. Transplantation Reviews, 22, 3-43. 

Taylor, B., Norman, A. P., Orgel, H. A., Stokes, C. R., 
Turner, M. W., and Soothill, J. F. (1973). Transient IgA. 
deficiency in pathogenisis of infantile atopy. Lancet, 2, 
111-113. 

Turner, M. W., Brostoff, J., Wells, R. S., Stokes, C. R., and 
Soothill, J. F. (1977). HLA in eczema and hayfever. Clinical 
and Experimental Immunology, 27, 43-47. 

Wallwork, J. C., Brenchley, P., McCarthy, J., Allan, J. Di; 
Moss, D., Milford Ward, A., Holzel, A., Williams, R. F., 
and McFarlane, H. (1974). Some aspects of immunity in 
patients with cystic fibrosis. Clinical and Experimental 
Immunology, 18, 303-320. 

Warner, J. O., Norman, A. P., and Soothill, J. F. (1976a). 
Cystic fibrosis heterozygosity in the pathogenesis of allergy. 
Lancet, 1, 990-991. 


Warner, J. O., Taylor, B. W., Norman, A. P., and Soothill, 
J. F. (1976b). Association of cystic fibrosis with allergy. 
Archives of Disease in Childhood, 51, 507-511. 

Warren, C. P. W., Tai, E., Batten, J. C., Hutchcroft, B. J., 
and Pepys, J. (1975). Cystic fibrosis—immunological 
reactions to A. fumigatus and common allergens. Clinical 
Allergy, 5, 1-12. 

Weeke, B., Flensborg, E. W., Jacobsen, L., Jorgensen, B. ÀA., 
Lykkegaard, E., and Høiby, N. (1976). Immunochemical 
quantitation of 18 proteins in sera from patients with 
cystic fibrosis: concentrations correlated to class of fibro- 
blast metachromasia, clinical and radiological lung 
symptoms. Danish Medical Bulletin, 23, 155-160. 

Wide, L., Bennich, H. H., and Johansson, S. G. O. (1967). 
Diagnosis of allergy by an in vitro test for allergen anti- 
bodies. Lancet, 2, 1105-1107. 


Correspondence to Dr M. W. Turner, Institute of 
Child Health, Department of Immunology, 30 
Guilford Street, London WCIN 1EH. 


Archives of Disease in Childhood, 1978, 53, 639-641 


PABA screening test for exocrine pancreatic function 


in infants and children 


M. SACHER, A. KOBSA, AND D. H. SHMERLING 


From the University Department of Paediatrics, Zurich, Switzerland 


SUMMARY P-Amino-benzoic acid (PABA) is split specifically by pancreatic chymotrypsin from the 
synthetic tripeptide N-benzoyl-L-tyrosyl-PABA. The urinary excretion of absorbed PABA serves 
as an index for exocrine pancreatic function. The peptide (0:015 g/kg) was administered orally to 
20 controls (aged between 5 months and 16 years), 6 patients with exocrine pancreatic insufficiency 
caused by cystic fibrosis (CF), and 9 newborn infants. In the controls the mean 6-hour PABA 
recovery was 58:5% (11:2 SD). Recovery in patients with CF was lower (P<0-001) with no 
overlap. In newborn infants the mean 6-hour PABA recovery was 23:4 (4-17:7 SD); overlapping 
in 3 instances with the results in CF patients. This simple, noninvasive test thus appears promising 
and merits further investigation in younger infants, especially newborns. 


Existing procedures for evaluating exocrine 
pancreatic function in infants and children are either 
invasive and complicated, or inaccurate. The Lundh 
test and the pancreozymin-secretin test (Hadorn ef 
al., 1968) are reliable, but long and tedious, so that 
neither is commonly used in clinical routine practice. 
The gelatin test and the chymotrypsin assay for 
faeces are simple to perform, but do not always give 
accurate results. A new pancreatic function test 
tested in animals and in adult patients has given 
promising results (Imondi e£ al., 1972; Gyr et al., 
1975, 1976; Arvanitakis and Greenberger, 1976). 
The test is based on the oral administration 
of the synthetic tripeptide N-benzoyl-L-tyrosyl-p- 
aminobenzoic acid. P-Aminobenzoic acid (PABA) is 
specifically split from the N-benzoyl-L-tyrosyl 
peptide in the small bowel by pancreatic chymo- 
trypsin. After absorption from the gut and con- 
jugation in the liver, PABA is excreted in the urine, 
and the amount of PABA excreted during a certain 
time serves as an index for chymotrypsin activity 
and, thus indirectly, also for exocrine pancreatic 
function. We examined the applicability of this 
PABA test in healthy children, in normal newborn 
infants, and in children with pancreatic insufficiency. 


Methods 


Three groups of children were studied. None 
received drugs containing PABA-derivatives. 


Controls. 20 children (8 girls and 12 boys) aged 
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between 5 months and 16 years (mean 8:01 years) 
were tested. These children were in hospital for 
various disorders, other than gastrointestinal and 
renal, and were thriving normally. 


Newborn infants. 9 healthy newborn infants (4 girls 
and 5 boys) aged between 4 and 21 days (mean 8-2 
days) were tested. None had any evidence of digestive, 
absorptive, or renal disorder and each was gaining 
weight normally. 


Patients with exocrine pancreatic insufficiency (PI). 
6 children (3 girls and 3 boys) aged between 7 weeks 
and 15 years (mean 6:5 years) with documented PI 
caused by cystic fibrosis (CF) were studied. Admini- 
stration of pancreatic enzymes in these patients 
was discontinued 5 days before the test. 

The PABA test with analysis of faecal chymo- 
trypsin activity was applied to 19 of these children 
(7 controls, 7 newborn infants, and 5 CF patients). 


Procedure 


PABA test. The peptide was administered together 
with a normal breakfast or morning bottle feed ; older 
children were encouraged to drink abundantly to 
ensure sufficient diuresis. One urine sample was 
collected before the test from the first 15 subjects to 
check for possible interfering aromatic amines. As 
the values found were negligible throughout this 
procedure was then discontinued. 

After ingestion of the peptide, urine was collected 
during 4 consecutive 2-hour periods. The children 
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were allowed to drink and eat as usual during the 
test period. 

The amount of peptide given, based on the | g dose 
used for adults (Arvanitakis and Greenberger 1976; 
Gyr et al., 1976), was 0-015 g/kg (1 g peptide corres- 
ponding to 0:32 g PABA) (kindly supplied by the 
Chemical Research Department, Hoffmann-La 
Roche Co., Basel, Switzerland.) Chemical analysis 
of the peptide is described by Gyr et al. (1976). The 
concentration of PABA in the urine was determined 
by the method of Bratton and Marshall for aromatic 
amines, modified by Smith et al. (1945). PABA 
recovery was expressed as a percentage of the amount 
ingested. 


Faecal chymotrypsin activity. Stool samples were 
collected on the same day, immediatelv before or 
after the PABA test, and determined by the method 
of Haverback er al. (1963). 

Student's ¢ tests were performed to compare the 
results in the different groups. 


Results 


Controls. PABA recovery increased steadily in the 4 
consecutive 2-hour periods. The mean cumulative 
8-hour recovery (68:697 + 12:3 SD) was higher 
(P<0-01) than the mean cumulative 6-hour recovery 
(58:5 + 11:292). The coefficient of variation was 
4897 after 2 hours, 41 % after 4 hours, and 197; after 
6 hours. After 6 hours the value remained practically 
constant (8 hours, 18%). A 6-hour collection seems 
therefore to be sufficient. The lower limit of normal 
(—2 SD) for the 6-hour period was 36% of the 
ingested PABA dose (Fig. 1). 








Cumulative °% PABA recovery (6h) 


Fig. 1 


6-hour PABA recovery in urine in three groups 
of infants and children. 


CF Patients. The mean 6-hour (5:5 + 5:325) and 
the mean 8-hour recovery (7:3 + 7:59?) were both 
lower than that of the controls (P-— 0-001) with no 
overlap between the two groups (Fig. 1). 


Newborn infants. The mean 6-hour recovery (23:4 + 
17:794) and the mean 8-hour recovery (33-7 + 
26:297) were both lower than that of the controls 
(P—0-001). The coefficient of variation was 76% 
and 78°% respectively for the 6-hour and the 8-hour 
recoveries. For 8 of the infants the 6-hour recovery 
and for 7 infants the 8-hour recovery was very much 
less than the lower limit (mean —2 SD) of normal in 
the controls. The 6-hour and the 8-hour recoveries 
overlapped in 4 instances and 3 instances respectively 
with those of the CF patients (Fig. 1). 


Comparison with chymotrypsin excretion in the faeces. 
Fig. 2 shows the results of the PABA test and the 
chymotrypsin excretion for 19 subjects. 6 of the 7 
controls subjected to analyses had normal chymo- 
trypsin activities (7-31 IU/g faeces). One subject 
had a low but not clearly pathological chymotrypsin 
activity (15:6 IU/g faeces) but a normal (72%) 
PABA recovery. All CF patients had an abnormally 
low chymotrypsin activity (<6 IU/g faeces). In 4 
newborn infants the chymotrypsin activity was 
normal (7-31 IU/g faeces). The remaining 3 infants 
gave lower values (6-30 IU/g faeces), but none was 
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Fig. 2 6-hour PABA recovery and chymotrypsin 
activity in faeces in three groups of infants and 
children. 
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below 6 IU/g, the lower limit of normal in our 
laboratory. 


Discussion 


The results of this preliminary study show that the 
PABA test is useful in the diagnosis of severe 
pancreatic insufficiency in children over 5 months. 
The PABA recovery in children with pancreatic 
insufficiency in CF differs greatly from that of the 
controls, with no overlap. The faecal chymotrypsin 
activity was consistently abnormal in CF patients, 
and (with one exception) normal in the controls. 
These results correspond with the observations made 
in adult patients with severe pancreatic insufficiency 
(Arvanitakis and Greenberger, 1976; Gyr et al., 1976). 
In the latter the PABA recovery correlated well with 
the results of secretin cholecystoinin-pancreozymin 
tests and the Lundh test (Gyr et al., 1976). 

The results in the group of healthy newborn 
infants differed significantly from the controls. The 
mean PABA recovery was lower than in controls, 
but the variation was large. 4 infants showed low 
6-hour recoveries in the range of the CF patients; 
two of them had in addition relatively low faecal 
chymotrypsin activities (13:8 and 24:6 IU/g faeces). 
Similar low values are however quite common in this 
age group (unpublished data). The reason why the 
results of the PABA test in newborn infants differ 
from those in older controls is not clear; PABA 
excretion may be delayed by the low glomerular 
filtration rate of the newborn infant. Extension of 
the urine collection period to 12 or 24 hours with 
simultaneous measurement of creatinine excretion 
could test this speculation. The dose of peptide given 
to an infant is so small (40-60 mg) that any slight 
error—caused for example by spilling the test 
solution during feeding—could lead to large errors 
in results. 

We did not consider it ethical to perform pan- 
creatic function tests such as a Lundh test or a 
pancreozymin-secretin test in the healthy controls 
and newborn infants solely to validate the PABA 
test. In none of these cases was there any evidence of 
malabsorption. The chymotrypsin values in almost 
all of the control patients, and the somewhat lower 
values in the newborn infants confirm that the PABA 
test gave no ‘false normal’ results. 

The PABA test performed as described (one 6- 
hour urine collection, normal feeding throughout the 
period of urine collection) proved to be simple and 


suitable for an outpatient procedure. The simpli- 
fications introduced did not reduce its reliability. 
Comparison of our results in children with those 
in adults for the 6-hour recovery (Gyr et al., 1976) 
and for the 8-hour recovery (Arvanitakis and 
Greenberger, 1976) showed no significant difference. 

Further studies are necessary especially in healthy 
newborn infants and young babies. Furthermore, 
larger groups of patients with varying degrees of 
pancreatic insufficiency, and longitudinal observations 
of individual patients during the course of their 
disease, should provide further information about 
the quantitative possibilities of this test. 


We thank the physicians and nurses of the Schwei- 
zerische Pflegerinnenschule, Zurich, for their care of 
newborn infants, Dr K. Gyr, Basel, and Hoffman- 
La Roche, Basel, for their help and for supplying 
PABA peptide, and Miss M. Görtz for secretarial 
work. M.S. was supported by research grants from 
the Roche-Studienstiftung, Basel, Switzerland. 
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Acute inflammatory bowel disease in childhood: 


a new disease? 


P. D. MANUEL, ANNE KILBY*, D. CANDY, J. A. WALKER-SMITH, AND J. T. HARRIES 
From the Queen Elizabeth Hospital for Children, and the Hospital for Sick Children, London 


SUMMARY Three children aged between 7 and 11 years, after an acute onset of diarrhoea and 
vomiting, developed protracted diarrhoea and severe loss of weight. None had been abroad. No 
significant aetiological agent was found. There was evidence of acute inflammatory disease on 
proximal small intestinal biopsy, and some evidence of more widespread gut involvement— 
of the rectum in Cases 1 and 2, and the terminal ileum in Cases 2 and 3. The disease resolved 


spontaneously and without relapse. 


Acute diarrhoea and vomiting in the developed 
world is usually a self-limiting illness of short 
duration in children beyond infancy. This report 
concerns 3 older children in whom illness started 
with the acute onset of diarrhoea and vomiting that 
did not resolve as expected, and in whom evidence 
of acute inflammation was found in both the small 
and large intestine. Its purpose is to draw attention 
to this disease and to describe the spontaneous 
resolution which occurred despite the severe and 
prolonged nature of the illness. 


Case reports 


Case 1. A 6-year-old boy was admitted with a 
3-week history of diarrhoea, vomiting, and a weight 
loss of 5 kg. He had no abdominal pain, had not 
travelled abroad, or been in contact with diarrhoeal 
illness. Lomotil was the only drug administered 
before admission to hospital. 

On examination he was 5% dehydrated with a 
distended, non-tender abdomen. His height was on 
the 90th centile, his weight, at 21 kg, had fallen from 
the 97th to the 25th centile. Haemoglobin (Hb), 
white blood count (WBC), erythrocyte sedimentation 
rate (ESR), immunoglobulins, C14 glycocholate 
breath test, urinary indican, normal. Serum iron 7:5 
umol/l (41:9 ug/100 ml) range 13:6—28-2 (76-0— 
157:5 ug/100 ml) total iron binding capacity 
(TIBC) 47:4 umol/l (265 ug/100 ml) range 446-69 -3 
(249-387 ug/100 ml), saturation 15:9% range 
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25:5-56-255; serum folate 5 ug/l (lowT); plasma 
carotenoid 0:67 umol/l (36 ug/100 ml) range 
1:9-2-8 (102-150 ug/100 ml). Stool, Escerichia coli 
O55 on one occasion, scanty cysts of Giardia lamblia 
on One occasion. Barium meal and follow-through, 
dilated loops of small intestine with mucosal 
thickening, otherwise normal. Small intestinal 
biopsy (duodenojejunal flexure), severe partial 
villous atrophy (PVA) with neutrophil and plasma 
cell infiltrate of the lamina propria, intraepithelial 
lymphocytes | 29/100 epithelial cells (normal 
6-32), disaccharidases normal. Duodenal juice, no 
Giardia seen, total lumen count 10*-10* organisms/ 
ml juice, Klebsiella present at 10?-10* organisms/ml 
juice, bacteroides 4 X 10°, proprionibacterium 
1 x IO?. At sigmoidoscopy the rectal mucosa was 
red and oedematous. 

The patient's symptoms abated without treatment 
after 3 weeks in hospital. Nine months later he was 
asymptomatic and his weight at 26 kg had returned 
to the 90th centile. Investigation at that time showed: 
serum iron 9:1 umol/l (51 ug/100 ml), TIBC 63 
umol/lI (352 uwg/100 ml), saturation 14:575, serum 
folate 3:5 ug/l (lowt), red cell folate 857 ug/l 
(hight); small intestinal biopsy (2nd part duodenum), 
normal histology, intraepithelial lymphocytes 20/100 
epithelial cells, disaccharidases normal; duodenal 
juice, no Giardia seen. 

Two years after initial presentation he was well, 
his height being on the 90th centile, his weight at 


Measurements of serum and red cell folate were performed 
at two laboratories: 
TDepartment of Haematology, Great Ormond Street 


Children's Hospital. Normal ranges: serum folate 5 -9-21 ug/l; 
red cell folate 150—650 ug/l. 
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31 kg lying between the 90th and 97th centiles. 
Serum iron, vitamin B12, and folate; red cell folate, 
all normal. He has remained well since. 


Case 2. An ll-year-old previously healthy boy 
presented with a 4-week history of diarrhoea and 
vomiting of sudden onset. He had lost 10 kg in 
weight but had no abdominal pain. He had not been 
abroad or had any contact with diarrhoeal illness. 
He had received no antibiotic treatment. On ex- 
amination he looked very thin but was otherwise 
well, with his height on the 97th and his weight at 
38-5 kg on the 50th centile. Hb, serum vitamin B12, 
stool culture, parasites negative. Examination of 
stools by electron microscopy revealed no virus 
particles; serological tests and stool culture for 
viruses were also negative. IgG 8-13 g/l (normal 
3-70-15-30), IgA 1:53 g/l (0:71-2:56), IgM 0-22 
g/l (0:44-1:95); WBC 16:5 x 10*/l (16:5 x 
10*/mm?) (neutrophils 79% with toxic granulation, 
lymphocytes 20%); ESR 18 mm/l h; serum iron 
10 umol/I (56 ug/100ml), folate 2:7 ug/l (lowz), 
red cell folate 109 ug/l (lowt). Barium meal and 
follow-through, rapid transit (barium had reached 
terminal ileum by 20 minutes), dilated loops of small 
intestine, narrowed terminal ileum. Small intestinal 
biopsy (4th part duodenum), severe PVA with 
neutrophil and plasma cell infiltrate of lamina 
propria, intraepithelial lymphocytes 32/100 epithe- 
lial cells, lactase 0 wmol/min per g (2:0-16:2), 
maltase 2:2 (14:6-77-0), sucrase 0:3 (3:1-20:2). 
Duodenal juice, Giardia not seen. Barium enema, 
normal colon and terminal ileum. Sigmoidoscopy, 
reddened, oedematous rectal mucosa. Rectal biopsy, 
intact epithelium, moderate patchy neutrophil 
infiltrate of lamina propria. 

Symptoms subsided without treatment during the 
period of investigation. Three months later he was 
asymptomatic and weighed 47-6 kg (90th centile). 
Investigation showed serum vitamin B12 normal. 
Small intestinal biopsy (4th part duodenum), normal 
histology, lymphocytes 31/100 epithelial cells, disac- 
charidases normal. Serum folate 3:7 ug/l (lowz), 
red cell folate 146 ug/l (low?). He has remained well 
for one year. his height on the 97th centile and his 
weight at 58 kg between the 90th and 97th centiles. 
Serum folate, red cell folate, and immunoglobulins 
have returned to normal. 


Case 3. An 11-year-old boy presented with a similar 
history. His illness had started 3 months previously, 
soon after treatment for threadworms, with diar- 
rhoea, vomiting, and left lower quadrant abdominal 


iHaematology Department, St Bartholomew's Hospital. 
Normal ranges: serum folate 4-18 ug/l; red cell folate 
160-900 ug/l. 


pain. He had lost approximately 6 kg in weight 
during this period. He had had no contact with 
diarrhoeal illness, nor had he travelled abroad. 
Height was on the 90th centile, his weight at 32:5 kg 
on the 25th, he looked unwell, but no abnormal 
signs were detected. Hb, WBC, ESR, serum iron, 
vitamin B12, immunoglobulins, plasma protein, 
serum calcium, magnesium, phosphate, glucose, 
alkaline phosphatase, aspartate transaminase, 
alanine transaminase normal; acute phase titres for 
CMV, Paul-Bunnell, Yersinia enterocolitica, and 
pseudotuberculosis negative. Stool, culture, parasites 
negative. Serum folate 3:8 ug/l (lowt). Barium meal 
and follow-through, dilated loops of jejunum with 
transverse banding, otherwise normal. Small in- 
testinal biopsy, severe PVA with increased inflam- 
matory cell infiltrate of the lamina propria; lympho- 
cytes 34/100 epithelial cells. Barium enema, normal 
large bowel, the terminal ileum was abnormal 
showing flattening of the mucosal pattern. Sigmoido- 
scopy, normal rectal mucosa. Rectal biopsy, normal. 
Symptoms abated without treatment while these 
investigations were being performed. 

When seen in outpatients 2 months later he was 
well and weighed 39 kg. Seven months after initial 
presentation he was readmitted for investigation. 
He was asymptomatic and had continued to gain 
weight; this, at 42:5 kg, was now on the 75th 
centile. Serum iron, vitamin B12, folate normal. 
Red cell folate 142 g/l (lowt). Stool negative for 
culture and parasites. Barium meal and follow- 
through, normal. Small intestinal biopsy, normal, 
lymphocytes 34/100 epithelial cells. He had con- 
tinued well when last seen, 8 months after initial 
presentation. 


Discussion 


The initial presentation in these children was similar 
to that of acute gastroenteritis, although there was 
no contact history and no significant aetiological 
agent was found. In Case 1, scanty cysts of Giardia 
in one stool specimen was not confirmed at repeated 
examinations of stool and duodenal juice; E. coli 
O55, also found in the stool on one occasion out of 
many examinations in this patient, does not cause 
diarrhoeal illness at this age (Ironside, 1972). Thus 
neither of these agents was regarded as a significant 
pathogen. 

The protracted diarrhoea and severe weight loss in 
all 3 children suggested the possibility of the acute 
onset of Crohn's disease. In retrospect this was an 
unlikely diagnosis in Cases 1 and 2 because of the 
absence of abdominal pain, and the diagnosis later 
became improbable with the spontaneous and 
uninterrupted resolution of symptoms in all 3 
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children, and of the ileal abnormality in Cases 2 and 
3. Infection with Yersinia was considered but 
neither the radiological nor biopsy findings were 
typical of such an infection (Vantrappen ef al., 
1977). 

An enteropathy of variable severity occurs in 
acute gastroenteritis but is usually transient (Barnes 
and Townley, 1973; Schreiber et al., 1973). Per- 
sistent enteropathy has been described in the post- 
gastroenteritis syndrome (Gribbin et al., 1976), but 
in the UK this has been described only in infancy. 
In Case 2 there was a marked, but transient, IgM 
deficiency and it is possible that an older child with 
some immunological disorder would react to an 
acute attack of gastroenteritis in an abnormal 
manner. 

The illness in these children showed some features 
similar to the postinfective illness seen in adults 
returning from the tropics (Tomkins et al., 1974), 
in particular there was a severe enteropathy and low 
folate levels. In Case 1, Klebsiella was isolated from 
the duodenal juice and this organism may play a 
role in the pathophysiology of protracted diarrhoea 
in such adult patients (Klipstein et al., 1973). 

Although there was evidence of acute inflam- 
matory disease on proximal small intestinal biopsy 
in all three children and on rectal biopsy in Case 2, 
as well as radiological abnormality of the terminal 
ileum in cases 2 and 3, the final diagnosis remains 
uncertain. 

We suggest that these three children suffered from 
the same disease, the precise nature of which remains 
to be clarified. It is possible that the disease repre- 
sents either an infection by an, as vet, unidentified 
micro-organism or a postinfective enteritis. Perhaps 
the most important feature is the spontaneous 
resolution which occurred making the diagnosis of 


chronic inflammatory bowel disease improbable. It 
is hoped that this report will alert physicians to 
similar cases which they may encounter and that 
active treatment (for example corticosteroids, anti- 
biotics) be withheld until there has been adequate 
investigation and observation. 


We thank Dr Jean Dolby, Dr Norman France, 
Mr Alan Phillips, and Mrs Joanna Sacks for help 
in investigating these patients. P.M. is supported by 
the Queen Elizabeth Hospital Research Appeal 
Trust. 
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Proctosigmoiditis and coeliac disease 


NICOLETTA ANSALDI, BRUNA SANTINI, D. DELL’OLIO, AND F. LEVIS 


From the Division of Gastroenterology, Second Department of Paediatrics of the University, and 
Central Laboratory of Pathology, Regina Margherita Hospital for Sick Children, Turin 


SUMMARY Of 80 children with proved coeliac disease, 2 presented with an associated disease of 
the distal portion of the large intestine. In one child the family history and the extension, localisation, 
and characteristics of intestinal lesions made us suspect ulcerative colitis; in the other we made a 


diagnosis of milk-induced colitis. 


In nine years we have diagnosed 80 cases of proved 
coeliac disease using ESPGAN diagnostic criteria 
(Meeuwisse, 1970). We report 2 patients in whom 
active coeliac disease was associated with procto- 
sigmoiditis. 

The association of coeliac disease with other 
gastrointestinal disorders such as cystic fibrosis 
(Goodchild et al., 1973) and duodenal ulcers has 
been reported (Bayless et al., 1974); Bayless et al. 
(1977) described one case and reviewed many more 
in which proved or presumed coeliac disease was 
complicated by multiple ulcerations of the small 
intestine, but to our knowledge this association has 
not been described in children. 


Case reports 


Case 1. A 5-month-old girl was admitted to hospital 
in January 1974 because of failure to thrive, anorexia, 
intermittent diarrhoea, and occasional vomiting. 
She had been born by caesarean delivery after a 
slightly prolonged (42 weeks) normal pregnancy. 
At birth she weighed 4 kg and her condition was 
satisfactory. A sister had died of asphyxia im- 
mediately after birth; her mother suffered from 
ulcerative colitis; her father had irritable colon 
syndrome. She was fed with a humanised milk 
formula from birth to age 3:5 months, when a 
formula of fresh cows’ milk conventionally diluted 
and with added sucrose and ground biscuits was 
introduced. Up to age 4:5 months she passed in- 
frequent formed stools; then her bowel movements 
became irregular with bouts of loose, watery, 
mucous stools. On admission she looked moder- 
ately wasted, with dependent oedema; her weight 
was below the 3rd centile and the abdomen was 
distended and rather tense; craniotabes and 
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Trousseau's and Chvostek's signs could be demon- 
strated. 

Hb, red and white blood cell (WBC) counts, and 
serum iron were normal. Serum proteins : total 
5-65 g/100 ml (56 g/l), albumin 4:9 g/100 ml 
(49 g/l), globulin 1-56 g/100 ml (15 g/l) A/G ratio 
2-63. Serum calcium 3:0 mEq/l (1:5 mmol/l) 
(normal range 4:4-5:3), alkaline phosphatase 
177 mU/ml (normal range 34-162). Urine normal. 
Sweat chloride normal (32 mEq/l). Stool examina- 
tion showed abnormal quantities of digested fats; 
average faecal fat excretion was 3:61 g per day, 
reducing substances (Kerry test) were absent, 
tryptic activity was normal. Stool cultures showed 
a prominent growth of Aerobacter aerogenes. Stool 
specimens gave positive tests for blood. 

One-hour blood p-xylose, performed about 20 
days after gluten withdrawal was 27 mg/100 ml. 
Jejunal biopsy showed total villous atrophy. X- 
rays showed diffuse demineralisation of bones, 
atony, and dilatation of small bowel loops with 
barium column segmentation and clumping. A 
barium enema examination after evacuation with 
air contrast showed irregular mucosal thickening in 
the transverse and sigmoid colon, suggestive of an 
active inflammatory process. 

Sigmoidoscopic examination to 20 cm disclosed 
an oedematous hyperaemic friable mucosa and at 
7 cm a small irregular ulcer surrounded by pseudo- 
polyps. From the margin of this lesion a punch 
biopsy was obtained which on histological examina- 
tion showed oedematous thickening of the lamina 
propria with a chronic nonspecific inflammatory 
infiltrate of plasma cells and some eosinophils. 

She was put on a gluten-free diet and was treated 
for 4 months with sulphasalazine 25 mg/kg per 
day given in 3 divided doses. She progressed satis- 
factorily for a year on a gluten-free and acidified 
milk-containing diet. 
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One year later all signs and symptoms of colitis 
had disappeared; they were not present on a third 
readmission after 7 months of gluten challenge, 
notwithstanding the total atrophic changes in 
jejunal mucosa, and they have not reappeared. 


Case 2. A girl aged 29 months was admitted to 
hospital in December 1973 because of failure to 
thrive and anorexia. The disturbance had started 
when she was 7 months, with anorexia, stunted 
growth, irregular bowel movements with dark loose 
greasy, frothy, bulky, foul stools, alternated with 
formed mucous stools. Five months before admission 
she suffered an acute nonspecific gastroenteritis and 
began losing weight. She was born at 37 weeks’ 
gestation weighing 2:9 kg. She was fed for the first 
3 months with a humanised cows’ milk formula, 
then with fresh cows' milk conventionally diluted 
and with added cereals. Her father and maternal 
grandmother suffered from irritable colon syndrome. 

On examination she looked ill and wasted and 
was well below the 3rd centile for height and weight. 
She showed a diffusely increased pigmentation of 
skin, pale lips and nail-beds, prominent frontal 
bossing, funnel-shaped thorax with beading of the 
ribs; the teeth showed defects of the enamel and 


extensive caries. The abdomen was prominent and 
distended but soft; the liver was firm and moderately 
enlarged, its smooth inferior edge reaching 4 cm 
below the costal margin; the spleen was palpated at 
the costal margin. 

Hb 11:7 g/100 ml (11:7 g/dl) with moderately 
hypocromic film, Hb electrophoresis normal, WBC 
normal. ESR 11 mm in 1 hour. Total serum pro- 
teins 5:85 g/100 ml (58 g/l), albumin 4:45 g/100 ml, 
globulin 1:40 g/100 ml (14 g/l). Serum immuno- 
globulins: increased IgG and IgA, normal IgM. 
Serum calcium 4:2 mEq/l (2:1 mmol/l) normal 
phosphorus, lowered serum iron 20 ug/100 ml (3-6 
umol/l). Sweat test 38 mEq/I chloride. Stool examina- 
tion: moderately lowered tryptic activity, copious fats 
and starches, identifiable meat fibres. Tests for occult 
blood in stools markedly positive. Faecal fat 
excretion 4:5 g a day. One-hour blood p-xylose : 5 
mg/100 ml; 5-hour urinary xylose excretion : 117. 

A peroral jejunal biopsy showed total villous 
atrophy (Fig. 1). X-rays showed marked de- 
mineralisation of bones, distended small bowel 
loops, with barium column clumping and floc- 
culation; appendix proximally filled; normal colonic 
haustration. 

A barium enema showed an essentially normal 





Fig. | 


Duodenal mucosa (Case 2) showing flattened villi covered with cuboidal surface epithelium heavily 
infiltrated with lymphocytes; in the markedly thickened lamina propria, plasma cells are particularly prominent. 
(H. and E. x 310). 
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colon. Rectosigmoidoscopic examination to 15 cm 
showed a hyperaemic, friable bleeding mucosa, 
pseudopolyps at 7 cm, at 5 cm a small bleeding 
ulcer with irregular, slightly elevated margins. A 
mucosal biopsy showed marked oedema of the 
lamina propria with diffuse chronic inflammatory 
infiltrate, the glands and superficial epithelium were 
well preserved (Fig. 2). She was treated with a 
gluten- and cows’ milk-free diet and daily enemas of 
6-methyl-prednisolone acetate, guaiazulene and 
gefarnate for a month. She was seen again after 
one year of poor dietary compliance. The signs of 
colitis had disappeared, the test for occult blood in 
stools were repeatedly negative, and the jejunal 
mucosal biopsy showed subatrophic changes. Two 
years later cows’ milk was introduced and it did not 
cause relapse of colitis. 


Discussion 


In both these cases of proved coeliac disease, 
involvement of the colon was suspected mainly 
because occult blood was present in the stools. In 
Case 1, the rapid downhill course, and the onset of 
diarrhoea a fortnight after the introduction of 
gluten pointed to the presence of an associated 
disorder. X-ray examination showed involvement of 
the transverse and sigmoid colon, sigmoidoscopic 
examination demonstrated a small irregular ulcer 
to 7 cm, which on histological examination showed 
oedema, and chronic inflammatory reaction of the 
lamina propria. 

In Case 2 x-ray examination was negative, while 
sigmoidoscopic and histological examinations 
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showed lesions similar to those of Case 1. In Case 1 
several features suggested an initial episode of 
ulcerative colitis, the severity of symptoms, the 
extension and localisation of lesions on x-rays and 
the family history favoured this hypothesis. The 
ensuing favourable course and the absence of 
relapses for 2 years may seem scarcely compatible 
with the diagnosis, but in the remitting type of 
ulcerative colitis, after the initial stage, a permanent 
remission may occur (Roy ef al., 1975). The co-n 
nection between coeliac disease and lesions of the 
colon is obscure. In adult coeliac disease Bayless 
et al. (1974, 1977) have described the development 
of multiple small bowel ulcers which they regarded 
as a complication of coeliac disease of uncertain 
cause. Falchuk and Falchuk (1975) reported a 
case of coeliac disease, IgA deficiency, and 
ulcerative colitis in an adult; in this patient 
treatment with corticosteroids and a gluten-free 
diet produced a remission of the malabsorption 
syndrome but the colitis failed to respond to the 
treatment. 

In Case 2 we think that milk-protein-induced 
proctosigmoiditis should be considered: the dis- 
appearance of symptoms after the simultaneous 
withdrawal of milk and gluten from diet seems to 
support the diagnosis as milk-protein intolerance is 
a likely complication of coeliac disease (Kuitunen 
et al., 1975). In these cases clinical course and 
laboratory studies make specific infection seem 
unlikely. In both patients the challenge with gluten 
induced total atrophic changes in the jejunal mucosa 
but did not elicit symptoms of involvement of the 
colon. 





Fig. 2 Rectal mucosa (Case 2) showing lamina propria markedly thickened and densely infiltrated with 
mononuclear cells. (H. and E. * 125). 
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Evaluation of the Sheffield system for identifying 
children at risk from unexpected death in infancy 


Results from Birmingham and Newcastle upon Tyne 


J, R; DARLEY, C.J. TAVARE, AND A. N. STANTON 
From ihe DHSS Multicentre Postneonatal Study, University of Sheffield 


SUMMARY The ‘at birth’ system which is used in Sheffield to identify children likely to die un- 
expectedly in infancy, was tested retrospectively in Birmingham (83 cases) and in Newcastle upon 
Tyne (56 cases). The discrimination between cases and age-matched controls was poor in both 
cities. Analysis of the 8 factors used in the system showed that only 2 maintained significant case/ 
control differences in Birmingham and Newcastle. Further investigation showed that other factors 
from maternity records showed significant case/control differences in these cities. Although the 
system used in Sheffield would not be of use in a prospective prevention programme in either 
Newcastle or Birmingham, the possibility of evolving an ‘at risk’ system which might apply more 


widely is discussed. 


A system for identifying, early in life, children likely 
to die unexpectedly in infancy has been evolved in 
Sheffield (Carpenter et al., 1977). Numerical weight- 
ings of 8 factors taken from obstetric and perinatal 
records allows nearly 60% of subsequent deaths to 
be identified in approximately 15 % of the population, 
but the system may not be valid outside Sheffield. 
We report the results of applying the system retro- 
spectively in Newcastle upon Tyne and in Birming- 
ham. 


Materials and methods 


The obstetric and perinatal records were studied 
retrospectively for babies born in Newcastle upon 
Tyne (56 cases studied by A.N.S.) and in Birming- 
ham (83 cases studied by J.R.O.). These babies had 
died unexpectedly between 1 January 1974 and 
1 January 1977. All unexpected deaths in children 
aged between one week and 2 years were included, 
provided that there was no history of major con- 
genital heart defect (diagnosed in life or discovered at 
necropsy) or neoplasia. Deaths from unnatural 
causes were also excluded. Those whom subsequent 
inquiry had shown to have had recognisable clinical 
evidence of acute illness, or an adequate patho- 
logical explanation for death, have been included, 
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as have those who presented to hospital in a mori- 
bund state. 

A living control was chosen for each case by 
taking the next live birth surviving from the same 
maternity hospital as the index, whose parents were 
living within the same city boundaries as the index 
parents at the time of birth. 

Each case and control was ‘scored’ numerically 
according to the ‘at birth’ data analysis of Carpenter 
et al. (1977). The 8 factors used in this analysis, 
together with nearly 200 further variables obtained 
from the maternity and perinatal records, were 
subjected to a case/control comparison using a y? 
test, with subsequent stepwise discriminant analysis. 
The probability value for each factor was obtained 
using the whole frequency of distribution of the 
data, and not from arbitrary groupings—except in 
the case of birthweight (500 g groupings) and 
maternal age (3-year groupings). 


Results 


Tables 1 and 2 show the degree of discrimination in 
each city between cases and controls, using the ‘at 
birth’ analysis of Carpenter et al. (1977). Overall, 
72 (51:894) of 139 index children and 42 (30:2 4) of 
139 control children scored ‘at risk’ (P — 0-025). 

There was no significant difference between cases 
and controls in either city for 6 of the 8 factors used 
in Sheffield (Table 3). 
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Table 1 Result of applying Sheffield scoring system 
retrospectively to 83 cases of unexpected death 
and age-matched controls in Birmingham 





At risk Controls Indexes Total 
Yes 27 38 65 
No 56 45 101 
Total 83 83 166 





Table 2 Result of applying Sheffield scoring system 
retrospectively to 56 cases of unexpected death 
and age-matched controls in Newcastle upon Tyne 





At risk Controls Indexes Total 
Yes 15 34 49 
No 41 22 63 
Total 56 56 112 





For 3 of these factors (maternal ABO blood 
group, urinary tract infection during pregnancy, and 
length of second stage of labour) there were virtually 
identical distributions between indexes and controls. 
There was a tendency in the index populations of 
both cities towards mothers of higher parity, in- 
tention to bottle feed, and twins, as shown in 
Sheffield, but the differences between cases and 
controls were too small to achieve significance at 
the 10% level. A further discriminating factor in 
Sheffield—birthweight—maintained a significant dif- 
ference between cases and controls in Birmingham 
only, although showing a nonsignificant trend to- 
wards low birthweight in index cases in Newcastle. 


Low maternal age was the only factor used in 
Sheffield which remained significant in both New- 
castle and Birmingham. 

Table 2 shows, for Birmingham and Newcastle, 
which of the factors from obstetric and perinatal 
records achieved differences between cases and 
controls that were significant at the 10% level or 
better. In each city significant differences were 
found in 8 variables using the y? test, but using 
stepwise discriminant analysis 3 variables—ad- 
mission to special care baby unit, number of in- 
vasive investigations to mother during pregnancy, 
and number of antenatal appointments kept by 
mother during pregnancy—were excluded from the 
Birmingham list. 

In both cities, mothers of index children were 
younger, had a shorter interval between pregnancies, 
and ‘booked’ later at maternity hospitals, than 
mothers of control children. In Birmingham, index 
children were lighter at birth and regained birth- 
weight more quickly than control children. In 
Newcastle the mothers of index children smoked 
more during pregnancy, attended more antenatal 
appointments, and received more parenteral iron 
than mothers of control children, while the index 
were of lower gestational age than control children 
and were predominantly male. 


Discussion 
The degree of discrimination that the Sheffield ‘at 


birth’ scoring system achieved in either Birmingham 
or Newcastle during the study period is not one that 


Table 3 Case/control comparison in Birmingham and Newcastle of variables used in Sheffield (marked *) and of 
other variables found to be significant at the 10% level or better (marked +) in Birmingham and Newcastle 


Birmingham (n —83) 


Newcastle (n —56) 








Variable 
Cases Controls Significance Cases Controls Significance 
* Maternal age — 24 years at delivery 46 38 T 49 43 t 
*Birthweight — 3000 g 40 26 T 20 13 NS 
*Intending to breast feed 24 28 NS 12 19 NS 
* Primiparous 22 32 NS 13 23 NS 
*Twins 5 I NS 2 0 NS 
* Urinary tract infection during pregnancy 8 6 NS T 7 NS 
* Maternal blood group A 31 28 NS 20 24 NS 
*Second stage of labour 10 min or less 29 24 NS 21 16 NS 
Smoking during pregnancy 26 13 NS 30 13 T 
More than 10 antenatal appointments kept at 
hospital 6 3 T 20 17 T 
Invasive investigations during pregnancy 27 22 t 11 7 NS 
Parenteral iron during pregnancy 1 0 NS 3 0 T 
<3 years since birth of last child 42 20 T 34 13 T 
Hospital booking before 20 weeks’ gestation 41 55 T 27 44 T 
Male infants 43 48 NS 39 26 T 
Gestation 37 weeks or less 15 8 NS 13 6 1 
Admission to special care baby unit 24 10 t 13 6 NS 
Regained birthweight before discharge 40 24 T 23 22 NS 


Arbitrary groupings are used to save space. 


Probability values were derived from the frequency distribution of data. 
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would be of use in a prospective prevention pro- 
gramme, based upon the identification of a relatively 
large number of infants likely to die in a small 
proportion of the population. The sensitivity and 
specificity of the system were particularly low in 
Birmingham where fewer than half the indexes, but 
as many as one-third of the control population, 
were labelled ‘at risk’. 

Cases in Birmingham and Newcastle were 
selected in the same way as in Sheffield when the 
scoring system was established. The pattern of 
unexpected death in infancy has changed during the 
last decade in Sheffield (Forrest Hay and Emery, 
1977), but the ‘at birth’ analysis is still sensitive for 
that community (J. R. Oakley, 1977, unpublished). 
We have no reason to believe that the reduced 
sensitivity of the system in Birmingham and New- 
castle is owing to differences in causes of death in 
these cities. 

Studies of the Oxford Record Linkage files 
(Fedrick, 1974a, b) showed no differences in maternal 
ABO blood group, length of second stage of labour, 
urinary infection during pregnancy, or feeding 
intention on discharge from hospital, between babies 
who died unexpectedly and controls. There was 
however, an association with twins, a shorter 
interval from the previous pregnancy, low maternal 
age, increased parity, and low birthweight. 

Twins and increased parity have been found to 
be significant in previous studies of unexpected 
infant deaths (Valdes-Dapena, 1967). The failure of 
twins to discriminate in the present study may be 
due to the smaller number of deaths. By combining 
all 139 cases from both citizs, 7 pairs of twins present 
in the index population, and one in the control 
population. Recent trends towards smaller families 
may explain the reduced association between high 
parity and unexplained death. 

The mother's intention to breast feed her baby 
is used in the ‘at birth’ analysis, but this may not be 
a good indication of the subsequent feeding pattern. 
Analysis of feeding pattern after discharge may 
substantiate an association between artificial feeding 
and unexpected death, but the use of modified milks 
may have reduced its importance. 

We believe that the association of maternal ABO 
blood group, urinary infection during pregnancy, 
and the length of second stage of labour with un- 
expected death in infancy in Sheffield may be chance 
findings, as the distribution of each of these factors 
was virtually identical between cases and controls 
in both Birmingham and Newcastle. Some of the 
associations in these 2 cities may be due to chance, 
and we do not claim that the factors found to be 
significant in Newcastle or Birmingham have any 
more importance than those in Sheffield. 
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It would be possible to improve the degree of 
discrimination in Birmingham and Newcastle by 
replacing some of the factors used in Sheffield with 
ones that were more valid in each city. This would 
only be a local solution, because some of the factors 
would not be applicable to other communities. If a 
scoring system is needed to improve infant mortality 
rates in this country, one should be devised which 
could apply to any community. This would mean 
using factors that maintain similar differences 
between cases and controls in many communities. 
Our data suggest that sufficient numbers of such 
factors may not be available from obstetric and 
perinatal records. 

Additional data on each child and his environment 
can be collected after he has gone home. The second 
stage of the scoring system suggested in Sheffield 
includes an assessment of the home and the diffi- 
culties in establishing feeding. Such factors are 
based on the subjective evaluation of the observer, 
and would be difficult to apply to different com- 
munities using many observers. It may be helpful to 
use simple geographical data, as previously reported 
(Oakley and Tavaré, 1977). Such data were also found 
to be important in Nottingham (Madeley, 1977). 

A DHSS multicentre postneonatal study of 11 
areas, with a combined population of over five 
million people, has been in progress since April 
1976. It remains to be seen whether data from this 
study will enable a better discriminant to be devised 
using objective and reproducible environmental and 
social factors to augment the hospital records. This 
discriminant may help to plan a wider prospective 
programme to prevent unexpected deaths in infancy. 
At present, any area wishing to establish its own 
system to identify those at risk is likely to have too 
few recent cases for statistical analysis. Almost 
certainly there will be too few deaths to determine 
if identification can lead to prevention, or even to 
tell if identification is an acceptable alternative to 
more and better care being given to all infants during 
their first few months of life. 


We are grateful to the obstetric and paediatric 
consultants in Newcastle upon Tyne and Birming- 
ham for permitting access to records; to Dr Hugh 
Cameron and the Working Party on Unexpected 
Infant Deaths in Birmingham for co-operation; and 
to Professor J. Knowelden for advice. The work 
was supported by a grant from the DHSS. 
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Students’ assessment of paediatric teaching and their 


opinions 7 years later 


S. R. MEADOW 


From the Department of Paediatrics and Child Health, Leeds University 


SUMMARY 


A prospective study of the long-term validity of student assessment of paediatric teach- 


ing began during the period 1968-70. The students gave scores to the different parts of the course 
in a standard questionnaire. Between 6 and 8 years later the same students were given the same 
questionnaire to complete. 76 of the original 92 students responded. By this time most of them were 
either principals in general practice, or senior registrars or consultants in hospital medicine. The 18 
items in the paediatric course were given remarkably similar scores in the two questionnaires, and 
the popularity ratings of only 2 items had altered significantly during the 7-year interval. The doctor 
6—8 years after the course seems more likely to appreciate the need for teaching about communication 


skills. 


The idea that students should evaluate their teaching 
meets a mixed response from medical teachers. 
Some teachers, strongly in favour, organise formal 
feedback sessions and questionnaires; others are 
equally strongly against. One common objection is 
that the student is immature and superficial in his 
judgement, so that the student's opinion of his 
teaching may be of little relevance to his final 
evaluation of it as a working doctor in the light of 
experience and knowledge. 

A prospective study of the reliability of student 
assessment of paediatric teaching was begun in 1968, 
using a standard questionnaire in which different 
parts of the course were given scores by the students 
(Meadow, 1970). Between 6 and 8 years later the 
students were again asked to complete the same 
questionnaire. They were also asked to give informa- 
tion on their work since qualifying. 


Method 


Initial survey. During an 18-month period from 1968 
to 1970 clinical students at Guy's Hospital, London, 
were given a questionnaire at the end of their 3- 
month paediatric appointment. At that time they 
were in their penultimate clinical year. The question- 
naire included a rating form (Appendix) in which 18 
separate parts of the course were graded on a 4- 
point scale to find out how useful each had been. 
The student could respond ‘extremely valuable’, 
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‘valuable’, ‘of little value’ or, ‘of no value’ (and also 
‘not experienced’ if he had missed that particular 
item). By taking the sum of the scores for each item, 
and dividing the result by the number of students 
experiencing that item, a percentage value figure was 
achieved which reflected its popularity or usefulness. 
Thus if every student who had visited Carshalton 
Hospital gave it the maximum rating, Carshalton 
would emerge with a percentage value figure of 
100%. 


Final survey. In 1976, between 6 and 8 years after the 
first survey, we attempted to trace all the former 
students. In an explanatory letter they were asked to 
complete the rating form, and also answer some 
questions about the paediatric course selected from 
the full questionnaire which they had answered as 
students. They were asked to give details of their 
present appointment, any previous paediatric 
appointments, and their ambitions. 

The results of the first survey were compared with 
the results of the second one, and then considered in 
relation to the doctors’ careers and aspirations. 


Results 


Out of the original 92 students, 82 returned the 
second questionnaire. Those who could not be traced 
were mainly women who, presumably, had changed 
their names. Six of the forms were excluded because 
of lack of clarity, incompleteness or, in one instance, 
because the student had given up medicine. The 
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information from 76 complete questionnaires is 
compared with the information given initially from 
the same 76 people when they were students. 

Most of the doctors were either established 
principals in general practice or, if in hospital 
medicine, senior registrars. A few were consultants. 
The amount of time they were now spending working 
with children was ‘substantial’ for 30, ‘moderate’ for 
23, and ‘minimal or none’ for 23. Exactly half had 
completed a paediatric house job during post- 
graduate training. 

The career aims of the doctors were: paediatrics 7; 
general practice 27; hospital specialty— with children 
(for example surgery, radiology) 30; hospital 
speciality—no children (for example internal medi- 
cine, geriatrics) 12. 

The value ratings for each part of the paediatric 
course are shown in the Table, the initial rating 
being shown beside the final one. In 1969 the ratings 
ranged from 44% to an extremely popular item 
which was rated 92%. By 1976 the range had 
narrowed slightly, from 45% to 82%. 

The Table shows the close similarity of the scores 
for 1969 and 1976. Nearly all items were within 10% 
of their previous score. The only item to appreciate 
in popularity with time was the acute take-in 
residence at Evelina Children’s Hospital. The items 
to depreciate in the 7-year interval were x-ray 
tutorials (previously the most popular item of all), 
reading textbooks, and reading journals. The last 
item is likely to be misleading; several doctors in the 
1976 questionnaire thought they had read no journals 
during the course, but admitted that they might have 


Table Value rating of each component of the 
paediatric course (if each student rated an item 
‘extremely valuable’ that item would score 100%) 





Value rating (%) 





1976 1976 1969 1969 
rank rank 
| Registrars’ ward rounds 82 86 (2) 
2 Take-in residence, Evelina Children’s 
Hospital 8I 69 (6) 
3 Carshalton Hospital residence 80 83 (3) 
4 Tutorials 78 75 (5) 
5 X-ray tutorials 72 92 (1) 
6 Reading textbooks 70 80 (4) 
7 Take-in residence, Guy’s Hospital 67 66 (8) 
8 Consultants’ ward rounds 65 63 (9) 
9 Developmental lectures, Newcomen 
Centre 64 68 (7) 
10 Outpatient clinics 58 54 (16) 
11 Visit to juvenile court 57 59 (14) 
12 Paediatric surgery teaching 57 60 (11) 
13 Monday paediatric lectures 56 63 (9) 
14 Burns teaching SS 60 (11) 
15 Case conference, social paediatrics 54 50 (17) 
16 Irtroductory course 54 57 (15) 
17 Salomons Centre—infant welfare 
clinic 46 44 (18) 
18 Reading journals 45 60 (11) 


pretended to have done so as students. In order of 
rank the 6 most highly valued items in 1969 remained 
most popular, and the least popular were still 
unpopular in 1976. 

Of the specific questions about paediatric teaching 
which were answered in both surveys, there was little 
difference between the student's opinion and his 
opinion 7 years later. Thus in 1969, 7357 considered 
that ‘teaching on how to examine children’ was 
adequate, compared with 80° in 1976. There was 
only one question for which there was an appreciable 
change of opinion. In 1969, 60°% of the students 
considered ‘teaching on how to communicate with 
parents’ to be adequate, but in 1976 fewer than half, 
44%, thought it had been adequate. There was no 
significant association between changes of opinion 
and the person's career or aspirations. 


Discussion 


The survey has shown that the opinion of clinical 
students at the end of their paediatric appointment 
was a reliable guide to their evaluation of the 
teaching 6 or 8 years later in the light of varied 
postgraduate training, present careers, and aspira- 
tions. Grading the components of the course in rank 
order for ‘value to medical education’ showed that 
the 6 most popular items in 1969 were still considered 
the best in retrospect, and the least popular were still 
unpopular. The other changes were merely minor. 
(The paediatric teachers of 1969 will, no doubt, be 
relieved to find that the radiologist's x-ray tutorials 
which were ‘top of the pops’ in 1969, although still 
extremely popular in retrospect, had been deposed 
by a wholly paediatric item. Perhaps experience and 
maturity make a man more appreciative of substance 
than shadows.) 

The qualitative answers to a number of questions 
about the teachers and teaching showed no significant 
difference between the opinion at the time and that 7 
years later, except for one item. As students, 6097 
had considered the teaching of ‘communicating with 
parents’ to be adequate. In retrospect only 44% 
thought it was so. This is surprising because the 
paediatric course at that time devoted an unusually 
large amount of time to communication problems 
and included teachers who were particularly inter- 
ested in these problems and in discussing them with 
students. 

Student assessment of education was formally 
introduced in 1924 in the University of Washington. 
It was slow to gain acceptance in Britain, and 
particularly slow to be introduced into medical 
education. Like so many good innovations it was 
introduced to British medical teaching and paedia- 
trics by Drs P. R. Evans and R. C. Mac Keith. In 
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1948 they inaugurated formal student evaluation of 
teachers and teaching in the Department of Paedia- 
trics at Guy’s Hospital, London, where it has been a 
regular feature ever since. A previous study (Meadow, 
1970) showed that it was appreciated by the students, 
and accepted with reasonable grace by the staff, most 
of whom found it helpful. It was clear from that 
study that the enthusiasm and skill of the teacher was 
much more important to the students than the 
method, the situation, or the subject. The popularity 
of the tutorials waxed and waned according to the 
name of the tutor. Since the assessment of clinical 
teaching is the same 7 years later, it seems that the per- 
sonality and skills of the teacher must still be the most 
important aspect of any component of the 
course. It is because of the importance of the 
individual teacher that it would be false to attach 
too much relevance to the value of the different 
items of the paediatric course in the Table. It is not 
‘radiology tutorials’ that are popular, but ‘Dr Dow, 
the radiologist, teaching’. 

Student assessment of clinical teaching serves 
many functions. The students enjoy it, and it has a 
certain psychotherapeutic value. Their comments are 
usually considerate and constructive and, occasion- 
ally, very witty. Administrative faults in the course 
come to light and the course can be gradually 
modified in the light of consistent comments by 
successive groups. Teachers view this sort of assess- 
ment with mixed feelings; some prefer to judge than 
be judged. If the completed questionnaires are 
circulated to all teachers, they make compulsive 
reading—where else can one read the comments that 
one longs to say to colleagues, but dare not? They 
are an effective way of modifying bad teaching 
habits. If enough write ‘Dr X is always late’ it is 
likely that Dr X will become more punctual. 
Fortunately most students are charitable and find 
things to praise as well as criticise and with praise 
the teachers are likely to teach with increased effort 
and respect. 

There have been many studies about the ways in 
which student evaluation of teaching can be made 
more effective, and there are useful guidelines 
available for those constructing questionnaires 
(Page, 1974). However, many of those who have 
encouraged student evaluation of teaching and 
teachers have doubted the long-term validity of that 
assessment. How can a student expect to assess the 
value of teaching which is aimed at helping him 
several years later in work of which he has had no 
experience? This study shows that 5 or 6 years after 
qualifying, doctors still regard as most valuable those 
aspects of the course which they valued most as 
clinical students. Student assessment of clinical 


teaching has more relevance than many of us 
thought. 


I am grateful to Mrs Aileen Williams for her 
efficient administrative help. 


Appendix 
Paediatric appointment 


During the three months, how useful to your medical 
education did you find each of the following? Please tick 
the appropriate column (note that there is a ‘Not 
experienced’ column if you had little or none of a 
particular item, or do not remember it!) 








Not 
experienced 


Extremely Valuable No value 


valuable 


Of little 
value 





Introductory 
course 
Monday 
lectures 
Developmental 
lectures 
(Newcomen) 
X-ray tutorials 
(Dr Dow) 
Case 
conference 
Salomons 
centre— 
infant welfare 
Visit to 
juvenile court 
Carshalton 
Hospital 
residence 
Take-in residence, 
Guy’s Hospital 
Take-in residence, 
Evelina 
Children’s 
Hospital 
Consultant’s 
ward rounds 
Registrar’s 
ward rounds 
Burns round 
Outpatients 
Surgical 
(Mr Lawrie) 
Reading 
textbooks 
Reading journals 
Tutorials 
TEREE 
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Alternating hemiplegia: complicated migraine of 
infancy 


GWILYM P. HOSKING, NICHOLAS P. C. CAVANAGH, AND JOHN WILSON 
From the Department of Clinical Neurology, The Hospital for Sick Children, London 


SUMMARY Alternating hemiplegia in children is a rare form of ‘complicated’ migraine. There are 
a number of similarities to seizure disorders and correct diagnosis may prove difficult. The clinical 
features of 6 patients with alternating hemiplegia are presented together with the results of electro- 
physiological, radiological, and biochemical studies. While there were a number of clinical 
similarities between the patients; extensive investigations failed to demonstrate significant ab- 
normalities. Although a diagnosis of a seizure disorder was suggested at some time in all of the 
patients, in only 2 was it certain there was a fit. Headaches occurred in the eldest patient (al- 
thcugh not always with a hemiplegic attack) while in the younger patients misery often accompanied 
their attacks. Intellectual status was impaired in 5 patients, although in 2 of these the cause was 
most likely to be perinatal difficulties. Response to various forms of treatment was generally 
not encouraging and concern is expressed that this alternating hemiplegia of childhood may carry 


an unfavourable prognosis. 


Hemiplegic migraine is a well recognised form of 
‘complicated’ migraine and is fully reviewed by 
Bruyn (1968). Although most reports concern adults, 
careful histories often reveal that the onset of 
symptoms was in childhood. There have been studies 
of migraine in children including the preschool age 
grcup in whom transient pareses have been observed 
(Burke and Peters, 1956; Holguin and Fenichel, 
1967; Isler, 1971). 

Alternating hemiplegia on the other hand is a 
much less well known form of ‘complicated’ migraine 
and refers to transient weakness of one side of the 
body. Occasionally both sides may be affected 
simultaneously. The first record of such cases was by 
Clarke (1910) and since then there have been papers 
by Dynes (1939), Symonds (1952), Verret and Steele 
(1971), and Golden and French (1975). The apparent 
rarity of this condition, and some of the similarities 
thet it bears to seizure disorders, inevitably gives rise 
to diagnostic difficulty. In this paper we review both 
the clinical features of 6 children who have been 
under our care with this disorder for several years, 
and the previous literature. 


Patient studies 


The principal clinical features of our 6 children are 
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summarised in Table 1. The histories of Cases 2 and 
6 are given in greater detail as they are representative 
of the whole group. 2 


Case 2. À 29-month-old boy whose father and 
paternal grandmother had severe classical migraine. 
He was born after a normal pregnancy and delivery 
and his early development was also normal. At age 
34 months he had a left-sided seizure lasting a few 
minutes followed by a Todd's paralysis of that side 
lasting several hours. Two further similar episodes 
occurred on the left side at 73 and 13 months. 

At age 18 months he had an episode of hemiparetic 
weakness on the right side but this was not accom- 
panied by a seizure. He has subsequently had episodes 
of hemiparetic weakness on either side. Between 
ages 18 months and 2 years his right-sided pareses 
were not associated with seizures, while approxi- 
mately half on the left-side were, but in these the 
seizure followed the weakness rather than preceded it. 

Since age 2 years he has continued to have frequent 
alternating weakness of either side and seizures have 
not recurred. On some occasions both sides have 
been affected together but the onset has never been 
simultaneous. When both sides are affected he is 
unable to sit and has difficulty in eating. These 
attacks, which are sudden in onset and associated 
with misery and crying, last between 5 and 7 days. 
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Table 1 Summary of clinical features 
Case no. Sex Age Family Age of Duration of Dysphasia Seizures Swallowing diffculty Other 
(years) history of onset attacks with attacks 
migraine (months) (days) 

1 F 2 — 15 2-7 -- — Occasional Slow development 
at age 2 

2 M 2.4 4 18 5-7 — + Occasional See full description 

3 F 2.7 + 5 1-3 + 1 = 

4 M 7 -— 6 2-3 No speech — When both sides affected Severe retardation; 

development ? related to neonatal 

hypoglycaemia 

5 F 9 + 9 5-10 — — — Slow early develop- 
ment, low intelligence 

6 F 13 u- S 2-7 — Le When both sides affected See full description 





From the age of 18 months his general develop- 
ment has slowed with no development of speech and 
walking, although he learnt to stand at the age of 
2 years. 


Case 6. A 13-year-old girl whose mother had classical 
migraine. The pregnancy was complicated by mild 
hypertension and proteinuria. Delivery at term was 
precipitate and there was some cerebral irritability 
in the neonatal period and feeding difficulties. Early 
development was slow. From age 5 months this girl 
had attacks of hemiparetic weakness which affected 
either side. The onset of the hemiparesis was usually 
sudden and often precipitated by minor emotional 
trauma. The weakness was usually severe, and often 
associated with misery. Skin blanching was often 
Observed on the affected side. When both sides were 
affected together misery was extreme, and swallowing 
difficulties were usually present. The frequency of 
attacks has been variable with up to 6 attacks a 
month. There has been a decrease in more recent 
times. The duration of attacks is between 2 and 7 
days, the recovery being gradual. Since age 9 years 
this girl has also complained of headaches. During 
the last few years she has developed mild choreiform 
movements. 


Seizures 


Although a diagnosis of epilepsy has been suggested 
at one stage in all our patients, we are sure of the 
occurrence of fits in only 2 children. 


Headache 


The eldest patient complained of headaches as 
she grew older, while misery, perhaps indicative 
of headache, accompanied the attacks in most of 
the younger patients. 


Intellectual status 


One of our patients (Case 4) is severely retarded, and 


although he suffered from neonatal hypoglycaemia 
there is evidence to suggest that he is progressively 
deteriorating. Another child (Case 6) has had slow 
development because of maternal toxaemia. Three 
of the remaining 4 children (Cases 1, 2, and 5) have 
low developmental or intellectual status. 


Investigations 


A summary of the investigations carried out in our 
patients is given in Table 2. 

Electrophysiological (EEG) studies have been 
carried out on all our patients during attacks and 
between them. Little variation has been seen in 
attacks except in Case 6 in which a lowering of the 
amplitude of the visually evoked response was noted 
during one attack (Dr G. F. A. Harding). EEG tele- 
metry carried out in Case 5 added no further informa- 
tion to that obtained by more routine methods. When 
slow wave abnormalities were noted these were 
diffuse and did not lateralise either during an attack 
or between attacks. 


Table 2 Investigations 








Case EEG Radiology Blood ammonia and 
no. amino-acids 
1 Slow wave excess L. carotid angio- Normal 
gram 
CT scan * 
2 Slow and fast CT scan * Normal 
excess 
3 Slow and fast CT scan * Normal 
excess 
4 Slow wave excess Bilateral carotid Normal 
angiogram 
5 Irregular slow R. carotid angio- Normal 
waves gram 
CT scan * 
6 Slow wave excess Bilateral carotid Normal 
angiogram 


Arch aortogram 
Vertebral angio- 


gram 
Air encephalogram 


————————————————————————————O 


*Computerised axial tomography. 
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Neuroradiological studies (see Table 2) have been 
carried out in all the patients, and in the older 
children these have been extensive. All these results 
have been negative. 

Measurement of cerebral blood flow in conjunction 
with a right carotid angiogram was carried out in 
Case 5. In this study isotope was injected intra- 
arterially and an indication of cerebral blood flow 
was obtained in 16 scalp detectors. Because ‘normal’ 
children do not have such investigation there are no 
control data, but in our patient the ‘resting’ flow was 
higher than expected, and on hyperventilation there 
was a very marked reduction in flow, particularly 
in the detectors over the temporal lobe. 

Comprehensive biochemical investigations during 
and between attacks were consistently normal. 

X 


Discussion 


The similarities among our 6 patients in their clinical 
phenomenology suggest that these children represent 
a clinical entity. There has been a failure to explain 
the clinical problems in these children on a basis of 
a large vessel structural abnormality, a metabolic 
defect, or through EEG investigations. 

There is a family history of migraine in close 
relatives in 4 of our patients. The older children 
acknowledged that some of their hemiplegic episodes 
were accompanied by headache although this 
association was not invariable, and in the younger 
children accompanying misery in an attack suggested 
possible pain. Two (Cases 5 and 6) had episodic 
headaches not associated with weakness, but these 
were not characteristically migrainous. Clarke (1910) 
who first described alternating hemiplegia also 
suggested that it had a migrainous basis. Although 
no radiology was performed to exclude a vascular 
malformation, his 3 patients from 3 generations of 
one family all had headaches with their hemiplegic 
attacks. All Dynes's patients had headaches which 
came on once the weakness had developed and were 
always on the opposite side of the head (Dynes, 
1939). His 2 patients had the typical aura symptoms 
of classical migraine including parasthesiae, blurred 
and hemianopic vision, and dysphasia. The belief 
that there is a migrainous basis to alternating 
hemiplegia is also maintained by the accounts of 
later papers (Verret and Steele, 1971; Golden and 
French, 1975) and in these there is ample evidence 
from both radiographic studies and a study at 
necropsy in Golden's Case 3 to exclude underlying 
vascular abnormalities. 

Not only is there a strong family history of migraine 
in patients with alternating hemiplegia, but there 
may also be a strong and close family history of the 
alternating hemiplegia itself. Parent and child were 


similarly afflicted in the cases reported by Clarke 
(1910), Dynes (1939), Symonds (1952), and siblings 
similarly affected in some cases reported by Clarke 
(1910) and Verret and Steele (1971). It is also 
interesting to note that there may be a history of 
parents or siblings suffering from nonalternating 
hemiplegic migraine, so that both forms of 
complicated migraine may coexist within one 
family. 

The early papers referring to hemiplegic migraine 
note the onset of symptoms in middle and late 
childhood, but it is clear from later papers (Verret 
and Steele, 1971; Golden and French, 1975) that 
symptoms may occur early in infancy. Our findings 
confirm this. 

It is interesting to speculate upon the anatomical 
localisation of the cerebrovascular involvement. 
Golden and French (1975) were of the opinion that 
their patients suffered from vertebrobasilar migraine, 
since they thought it would be difficult to explain the 
accompanying ataxia in any other way, and they also 
noted that there was never any associated ipsilateral 
facial weakness. The accepted view of hemiplegic 
migraine is that the hemiplegia is consequent upon 
the vasoconstriction of the vessels of the contra- 
lateral hemisphere (Whitty, 1953), and certainly 
unilateral symptoms may be exacerbated by the 
injection of contrast medium into the contralateral 
internal carotid artery. Dynes's observation that 
visual symptoms and dysphasia were present which- 
ever side of the body was hemiparetic suggests brain 
stem involvement, and the relatively common 
difficulty of swallowing encountered in our patients 
also supports this. Dysphasia was a relatively rare 
symptom in this and in Verret’s series. 

The response of our patients to treatment with 
anticonvulsants and to several other drugs used in 
the management of migraine, including clonidine 
in doses up to 0-025 mg t.d.s., has been generally 
poor, although in one (Case 5) there has been a 
good response to clonidine and phenytoin given 
together (phenytoin 2 mg/kg per day, clonidine 
2:5 mg/kg per day). The use of ergot derivatives and 
methysergiside has been eschewed because of the 
risk of cerebral ischaemia. 

Our experience confirms the impressions of 
Symonds (1952), Verret and Steele (1971), and 
Golden and French (1975), that the prognosis of 
alternating hemiplegia is not always good. Recent 
studies using computerised axial tomography on 
patients with severe long-standing migraine have 
demonstrated cortical atrophy in many patients 
(Hungerford et al, 1976). Our experience with 
alternating hemiplegia suggests that this disorder 
may lead to progressive intellectual deterioration 
and persistent neurological deficits. 


A: 
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Cerebral Blood Flow Research Group of the 
National Hospital for carrying out cerebral blood 
flow studies in that patient. 
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Prophylactic diazepam or phenobarbitone in febrile 
convulsions: a prospective, controlled study 


FINN URSIN KNUDSEN AND SVEIN VESTERMARK 


From the Department of Paediatrics, Glostrup Hospital, University of Copenhagen, Glostrup, Denmark 


SUMMARY After their first episode of febrile convulsions, 195 previously healthy children, aged 

-30 months, were given either diazepam or phenobarbitone for a year. Each child was assigned 
at random to one of the two medications: children admitted on even days were given a suppository 
containing 5 mg diazepam every 8 hours when the rectal temperature was 238-5°C. Children 
admitted on odd days were given treatment with phenobarbitone, 3-5 +1 mg/kg per day. 156 
children completed treatment and outpatient control for a year, 83 in the diazepam and 73 in the 
phenobarbitone group. The rate of recurrence was independent of the prophylactic and 15-16% 
of the children in both groups had new febrile convulsions within a year. The recurrence rate after 
6 months was also similar, 11 % in the diazepam group and 9 % in the phenobarbitone group. New 
convulsions were of similar duration and severity in both groups. In both groups 6% of all febrile 
episodes led to new convulsions. Long-term treatment with phenobarbitone thus offered no 


advantage over intermittent diazepam. 


The use of prophylactics for treating febrile con- 
vulsions is controversial. Some doctors think that 
long-term treatment with phenobarbitone is in- 
dicated after one episode (Faero et aL, 1972; 
Lennox-Buchthal, 1973), others do not (Ouellette, 
1974; Heckmatt et al., 1976). Some believe that 
long-term treatment with phenobarbitone prevents 
recurrences (Fáero et al., 1972; Wolf et al., 1977), 
others consider it of limited or no prophylactic 
value (Heckmatt ef al., 1976). However, nearly all 
agree that side effects and noncompliance are 
common (Ouellette, 1974; Thorn, 1975; Heckmatt 
et al., 1976; Wolf et al., 1977). An alternative 
prophylaxis, therefore, is needed. 

The results are reported from a prospective, 
randomised investigation of diazepam versus pheno- 
barbitone. 


Patients and methods 


The study took place from 1 January 1973 to 1 April 
1974. To obtain a homogeneous and well-defined 
study population, the following criteria were used. 
(1) Occurrence of first episode of febrile convulsions 
in connection with an extracranial infection. (2) Age 
between 6 and 30 months. (3) No clinical signs of 
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chronic, cerebral affection. (4) No previous afebrile 
convulsions. 

A total of 195 children fulfilled these criteria and 
156 of them were controlled regularly for one year 
after their first convulsion. Informed parental con- 
sent to the study was obtained for all 195 children, 
who were randomly assigned to either medication: 


l. Intermittent treatment with diazepam for children 
admitted on even days (99 children). The parents 
were instructed to give one suppository containing 
5 mg diazepam (Stesolid®)* every 8 hours whenever 
the child had a rectal temperature of 38 -5°C or above. 


2. Continuous treatment with phenobarbitone for 
children admitted on odd days (96 children). Total 
daily dose was 3:5--1 mg/kg with one half given in 
the morning, the other in the evening. Serum pheno- 
barbitone concentration was determined 1-4 times 
during the observation period and, if possible, when 
there was a recurrence. The level aimed at was 
10-20 mg/l. The determinations were made using gas 
chromatography (Larsen et al., 1972). 

In all other respects examination, treatment, and 
instruction were similar for both groups. The 
parents were instructed to uncover the child when 
febrile. Antipyretics were not given. We recom- 
mended that the child should be admitted to hospital 


*Dumex, Copenhagen, Denmark. 
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if new convulsions occurred. EEG was performed 
routinely one month after an acute episode. Out- 
patient control took place every 3-4 months. Parents 
were questioned about occurrence of fever, new 
febrile convulsions, compliance with instructions, 
and side effects. Data were obtained on: the mother’s 
pregnancy, the child’s birth, neonatal period, 
previous illnesses, febrile convulsions or epilepsy— 
and epilepsy or convulsions in parents or siblings— 
sex, age, present disease, and detailed description of 
first convulsion. 


Statistical methods. The P-values were calculated 
using the 7? test or Fisher’s 7? test modified for few 
Observations. 


Results 


Of the 195 patients, 16 in the diazepam and 8 in the 
phenobarbitone group were lost to follow-up. In 
addition, 15 children stopped taking phenobarbitone 
after 2-6 weeks because of side effects or because 
their parents had taken a dislike to it. Treatment for 
one year was thus accomplished in 156 children—83 
in the diazepam and 73 in the phenobarbitone group. 

The clinical data are given in Table 1. The two 





Table 1 Clinical data 

Group 

Phenobarbitone Diazepam 

No. (%) No. (%) 
Boys 42 (58) 50 (60) 
Girls 31 (42) 33 (40) 
Age (months) 

6-12 17 (23) 24 (29) 
13-18 22 (30) 26 (31) 
19-30 34 (47) 33 (40) 

Febrile convulsions in parents/siblings 
Yes 13 (18) 15 (18) 
No 60 (82) 68 (82) 
Birth and neonatal history 
Normal 67 (92) 71 (86) 
Slightly abnormal 5* llt 
Severe asphyxiat l l 
Febrile convulsions 
Type 
Generalised 72 83 
Focal I 0 
Duration (min) 
«5 61 (84) 75 (90) 
5-30 9 7 
30 3 1 
EEG 
Normal 68 (96) 78 (96) 
Slightly abnormal 1 3 
Severely abnormal 2 0 
2 2 


Not performed 


— ÁÓ—IER€ RÀ QE SD 
*Includes birthweight 2400-2500 g (n=3), deliveries by caesarean 
section (n — 1), neonatal hypoglycaemia (n — I). 

+Includes birthweight 2140-2400 g (n=3), deliveries by caesarean 
section (n —4), extraction by vacuum (n — 1), mild respiratory distress 
syndrome (n — 3). 

tApgar score less than 4/5 min. 


groups were similar with respect to sex, age, 
duration of convulsions, and EEG findings. 

Table 2 shows that the rate of recurrence was 
similar in both groups, and that new convulsions 
occurred within one year in 15-16% of the children. 
The 6-months’ recurrence rate was also similar, 
1197 and 9% respectively, in the diazepam and the 
phenobarbitone group. The duration of new con- 
vulsions was similar (diazepam: range 1-20 min, 
x—5 min; phenobarbitone: range 3-15 min, x 
min). The recurrence rate also remained similar 
(15%) if children with focal and/or protracted (> 30 
min) convulsions, severe asphyxia neonatorum, Or 
abnormal EEG findings were omitted (Table 2). These 
factors then did not influence the results of treatment. 

In Table 3 the two groups are divided according 
to age at first episode. The treatment had no effect 
on the recurrence rate in either age group (P— 0:2), 
but if the two groups are combined, recurrences are 
more common (0:02<P<0-05) in the younger 
children. 

In both groups 6% of all febrile episodes led to 
new convulsions (Table 4). Only 3 children in each 


Table 2 Number of recurrences, and recurrence rate 
within 6 months and within one year in the two groups 














No. of Children with new febrile convulsions 
children 
Within 6 months Within one year 
No. (%) No. (%) 
Diazepam 83 9 (11) 13 (16) 
Phenobarbitone 73 6 (9) 11 (15) 
Diazepam 78* 8 (10) 12 (15) 
Phenobarbitone 65* 5 (8) 10 (15) 


NS 
*In the lower part of the table 13 children have been omitted, with 
protracted convulsions (>30 min) (n=4), focal convulsions (n=1), 
severe asphyxia neonatorum (Apgar score <4/5 min) (n=2), and 
abnormal EEG (n=6). 


Table 3 Age at first convulsions, number of recurrences, 
and recurrence rate 








Age at Total no. of Children with 
first episode children recurrence 
(one year) 
Diazepam = 13 months 24 6 (25%) 
>13 months 59 7 (12%) 
Phenobarbitone = 13 months 17 6 (35%) 
>13 months 56 5 (9%) 


EL —— — 


Table 4 Number of recurrences in relation to total 
number of febrile episodes 


aaa 








Total no. within one year Recurrence 
of febrile 
Febrile New episodes 
episodes* convulsions p 
Diazepam 228 147 6 
Phenobarbitone 190 12t 6 


*Defined as 2 38-5?C during = 24 hours. 
tOne child in each group had two recurrences during one year. 
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group had no febrile episodes during the year of 
observation. None developed afebrile convulsions. 

The Figure illustrates the mean serum pheno- 
barbitone concentration in 65 children with and 
without recurrence, no determination being made in 
8 children. In 7 children the determination was made 
at the time of recurrence. 129 pheonobarbitone 
determinations were performed, 76% with serum 
levels >10 mg/l and 22% —15 mg/l. For mean 
serum phenobarbitone values <10 mg/l the recur- 
rence rate was 36% (5 of 14), for values between 
10 and 15 mg/l it was 15°% (6 of 40) and for a mean 
serum phenobarbitone of = 16 mg/l it was 9% (1 of 
11). The inverse correlation between serum pheno- 
barbitone and recurrence rate is not statistically 
significant (P—0-1). The correlation was not 
significant for serum phenobarbitone values below 
and above 16 mg/l. For values <16 mg/l the recur- 
rence rate was 20% (11 of 54) compared with 9% 
for values = 16 mg/l (P >0-1). 

In the diazepam group only one child received 
diazepam less than 2 hours before a new convulsion. 
In 11 (80%) of 14 episodes the parents had not 
managed to give prophylactic treatment in time. 

Side effects to phenobarbitone (hyperkinesia, 
irritability, or listlessness) persisted for more than 
one month in 42 (45%) of the 96 children. The 
treatment was stopped after a few weeks in 15 
children of whom 3 (20%) had a new episode 
within one year. No case of intoxication was 
Observed. There were no side effects of diazepam 
except transient sedation. 


Number of patients 





18 20 22 


"B X 4 6 8 10 12 14 16 
Mean serum phenobarbitone (mg/l!) 


Figure Distribution of mean serum phenobarbitone 
concentration in 65 children. Recurrences are shown 
hatched. Black circles indicate that serum 
phenobarbitone was determined at the time of 
recurrence. One child had two recurrences. 


Discussion 


Recurrence of convulsions was the same whichever - 


prophylactic was used—diazepam or phenobarbi- 
tone. The duration and severity of new convulsions 
were also similar. Long-term treatment with pheno- 
barbitone thus offered no advantage over diazepam. 

As we had no control group it is difficult to 
evaluate the prophylactic effects of the treatments. 
However, the Gentofte series (Frantzen ef al., 
1968, 1970) is comparable. It comprised 172 child- 
ren who were not given any anticonvulsant treat- 
ment. The one-year recurrence rate of 25% com- 
pares unfavourably with that found in our study 
(5? —4-08, 0-02 <P — 0-05) and others (Wallace, 
1974) have found much higher recurrences for un- 
treated febrile convulsions. This suggests that both 
diazepam and phenobarbitone provide some pro- 
tection from renewed convulsions. 

It might be argued that the phenobarbitone doses 
used were too low and that the 15-16% rate in this 
study population may represent spontaneous recur- 
rences. However, the theory that only a serum 
phenobarbitone of 216 mg/l effectively prevents 
new convulsions (Füero et al., 1972) has not yet 
been substantiated in larger and more homo- 
geneous groups of children (Heckmatt et al., 1976). 
In fact, Wolf et al. (1977) showed that phenobarbi- 
tone lowered the recurrence rate to a significant 
extent despite the fact that 65% of the phenobarbi- 
tone determinations were lower than 15 mg/l. 

Our study also showed that the administration of 
diazepam was not optimal. In 80% of new episodes 
the children received the anticonvulsant too late. 
At the time of the convulsion probably only one 
child had an anticonvulsant plasma diazepam con- 
centration (i.e. about 200-300 ng/ml) (Agurell et al., 
1975; Knudsen, 1977). 

Diazepam is a safe and quickly absorbed anti- 
convulsant, virtually free from undesirable effects 
(Greenblatt and Shader, 1974) and there is little 
parental resistance to it. This is in contrast to the 
well known side effects of phenobarbitone. 

In our opinion diazepam may be an alternative 
prophylaxis in febrile convulsions but further 
controlled investigations are needed. 
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Familial syndrome with panhypopituitarism, 
hypoplasia of the hypophysis, and poorly developed 


sella turcica 


P. SIPPONEN,* S. SIMILA, Y. COLLAN, T. AUTERE, AND R. HERVA 


From the Kainuu Central Hospital, Kajaani, the Department of Pathology, University of Helsinki, 
and the Departments of Paediatrics and Pathology, University of Oulu, Finland 


SUMMARY Two sisters who died at the ages of 2:5 years and 5 weeks are described. Both showed 
signs of panhypopituitarism. At necropsy, no hypophysis could be found in the first child and a 
rudimentary and partly ectopic hypophysis was found in the other. Both children had a flat, poorly 
developed sella turcica, and the sellar anomaly could be seen in skull x-rays. These patients represent 
a hereditary syndrome characterised by neonatal panhypopituitarism, hypoplasia of the pituitary 


gland, and flat sella turcica. 


Congenital hypopituitarism may result from various 
anomalies of the hypophysis—such as absence, 
hypoplasia, or ectopia of the hypophysis. It also 
occurs in anencephaly and holoprosencephaly and 
may be connected with anomalies in the proximity 
of the hypophysis (e.g. cleft lip and palate with 
pituitary insufficiency, septo-optic dysplasia, and 
pituitary dwarfism) (Rimoin and Schimke, 1971). 
Patients with aplasia, hypoplasia, or ectopia of the 
hypophysis show signs of hypopituitarism soon after 
delivery, with persistent hypoglycaemia as the most 
conspicuous clinical feature. Hypoglycaemia usually 
leads to convulsions and brain damage (Steiner and 
Lawrence, 1953; Ehrlich, 1957; Aimone and 
Campagnoli, 1970; Moncrieff et al., 1972; Johnson 
et al., 1973). The sella turcica was normal in many 
of the cases with hypophyseal aplasia or hypoplasia 
(Steiner and Boggs, 1965) but there were reports of a 
small sella in some of these cases (Blizzard and 
Alberts, 1956; Dunn, 1966; Ferrier and Stone, 1969). 
We report 2 sisters who died at ages 2:5 years 
and 5 weeks, both of whom showed clinical symptoms 
suggestive of panhypopituitarism. At necropsy the 
hypophysis was hypoplastic or absent and the sella 
turcica poorly developed and flat ; sellar abnormality 
could be demonstrated radiologically. Findings 
suggest that hypoplasia of the hypophysis with a 
flat, poorly developed sella is an inherited clinical 
syndrome with characteristic radiological features. 


Received | February 1978 
*Present address: Pathology Department, Jorvi Hospital, 
Espoo, Finland 


Case reports 


The parents, both healthy, lived in an area known 
to contain genetic isolates but there was no known 
consanguinity. The mother suffered from hydramnios 
during both pregnancies and had had slight tox- 
aemia and abnormal glucose tolerance tests during 
her second pregnancy. 


Case 1. This baby girl born by caesarean section 


weighing 3990 g died at age 2:5 years. She had only | 


one umbilical artery. Her eyes were small and deeply 
set and the frontal bone was prominent, but other- 
wise the appearance was normal. She was jaundiced 
for 2 weeks after delivery. Soon after birth she 
developed severe hypoglycaemia which was treated 
with parenteral glucose infusions and cortisone. 
Hydrocortisone twice a week maintained normal 
blood glucose levels for a few months. This treatment 
was stopped at the age of one year and hypo- 
glycaemic attacks reappeared 6 months later. She 
later developed epilepsy, probably secondary to 
brain damage caused by hypoglycaemia. Growth in 
weight and height was retarded. She suffered 
numerous infections—pneumonia and urinary tract 
infections several times and viral meningitis once. 
She died from heart failure and lung oedema after 
severe pneumonia. 

Karyotype; bone age; and urinary amino-acids 
and urinary carbohydrate chromatography were all 
normal. Laboratory tests for thyroid function 
showed abnormally low values (T3 65:675 and 
T4 2:3 ug/ml (2:96 umol/I)), and replacement with 
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thyroxine was begun at 2 years. The sella turcica 
was invisible in the x-ray taken immediately after 
delivery, but this was ascribed at the time to radio- 
graphic errors. 

At necropsy no hypophysis could be found in the 
sella turcica or on the base of the brain, despite 
thorough study. The sella turcica was unusually 
flat, although the skull and brain were otherwise 
normal. The adrenals had normal cortical layers, a 
diameter of approximately 1 cm and a combined 
weight of 1 g. The thyroid weighed 750 mg. The 
pancreas, and the number of islets of Langerhans 
appeared normal. The thymus was small, weighing 
5 g, and the thymic medulla was poorly developed 
and contained small Hassal’s corpuscles in decreased 
numbers. 


Case 2. This baby girl was delivered at the 39th week 
of pregnancy by caesarean section. The birthweight 
was 3600 g, and the Apgar score 8 at one minute 
and 10 at 5 minutes. She looked like her sister, with 
small, deeply set eyes, low nasal bridge, and prom- 
Severe hypoglycaemia and 


inent frontal bone. 





moderate hyperbilirubinaemia developed after birth. 
Normal blood glucose level during the 2 first days 
could be maintained only with a continuous in- 
fusion of hypertonic glucose. Hyperbilirubinaemia 
was treated with phototherapy. 

The child was lethargic and had a weak voice 
when crying. Nasogastric feeding was necessary. 
Panhypopituitarism was suspected and x-rays 
showed that the sella turcica was abnormally flat 
(Figure). Endocrine tests showed primary hypo- 
cortisolism, slight primary hypothyroidism, and 
probable deficiency of growth hormone (Table). 
The basal serum cortisol concentration was 0:03 
umol/I (10:8 ug/l), but increased to 0-19 (68-8 
ug/l) 2 hours after injection of 250 ug ACTH IM. 
The diurnal rhythm of serum ACTH concentration 
was 10, 257, and 157 ng/l. Hydrocortisone (20 mg/m? 
and thyroxine (3 ug/kg) treatment was started at 
the age of 25 days, but the child went downhill and 
died from cardiac arrest on the second day of 
treatment. 

At necropsy the body weighed 4100 g with a crown 
to heel length of 52 cm. Naked-eye, the base of the 


Figure Case 2. X-ray of 
sella turcica (arrow) 
showing flattening. 


Table Case 2. Serum concentrations of TSH, T4 and T3 after intravenous TSH (100 wg), and baseline values o, 


prolactin, LH, FSH, and growth hormone (HGH) 








Time TSH T4 13 Prolactin LH FSH HGH 

(min) (UID (nmol/l) (nmol/l) (ug//) (UJI) (UID (ug/l) 
0 2:7 106 1-2 8-2 3-8 0-5 0-6 

20 16-3 102 1-4 

60 19-2 100 1-5 


Conversion: SI to traditional units—T4: 1 nmol/l] «0-078 ug/100 ml; T3: 1 nmol/l 0-65 ng/ml. 
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skull was normal, except that there was no sella 
turcica and no hypophysis could be identified. The 
whole body of the sphenoid bone was fixed in 3% 
formaldehyde, decalcified, embedded in paraffin and 
cut in series, in which a miniature hypophyseal fossa 
with a diameter 2 mm could be seen containing 
adenohypophyseal cells. In addition, a pharyngeal 
pituitary with an epithelial extension towards the 
hypophyseal fossa was present in the roof of the 
nasopharynx. Both parts of the adenohypophysis 
contained thenormal cell types but neurohypophyseal 
tissue could not be found. 

The adrenals were hypoplastic with a total weight 
of 1 g. The greatest diameter of the left adrenal was 
6 mm, and of the right 10 mm. Histologically, both 
consisted of an adult-type cortical zone and a hypo- 
plastic fetal zone. The thyroid gland was of normal 
shape with symmetrical lobes, but hypoplastic, 
weighing 1 g. The gland was composed of follicles 
of varying sizes with a low cuboidal epithelium. A 
small nest of aberrant thymic tissue was seen in the 
thyroid gland. The ovaries were normal for age. 
Histologically, numerous oocytes and some cystic 
follicles were seen. The thymus weighed 10 g and 
was macroscopically and histologically normal. No 
histological abnormalities were found in other 
organs. 


Discussion 


The necropsy findings showed a severe hypophyseal 
anomaly in both of these sisters. A hypophysis could 
not be found in Case 1 who lived for 2-5 years. The 
fact that she lived this long might suggest that some 
hypophyseal tissue was present. Usually, patients 
with hypophyseal aplasia die soon after delivery, 
although there are some who have lived for years 
with intensive replacement therapy (Steiner and 
Boggs, 1965; Sadeghi-Nejad and Senior, 1974). 

In addition to hypoplastic hypophysis, Case 2 
showed clinical and laboratory evidence suggestive 
of polyendocrinopathy—primary hypocortisolism, 
slight primary hypothyroidism, and deficiency of 
HGH. Both patients suffered from severe hypo- 
glycaemia and, in addition, atrophy of both thyroid 
and adrenal glands was revealed at necropsy. 

Clinical findings have been uniform in cases 
showing hypoplasia of the hypophysis (Blizzard and 
Alberts, 1956; Mosier, 1956; Ehrlich, 1957; Ferrier 
and Stone, 1969; Johnson et al., 1973) or 
those in whom aplasia of the hypophysis was 
present (Brewer, 1957; Reid, 1960; Steiner and 
Boggs, 1965; Moncrieff et al., 1972; Sadeghi-Nejad 
and Senior, 1974). Our cases, however, had two 
additional prominent features. Firstly, hypophyseal 
hypoplasia was probably inherited and, secondly, 


both cases showed abnormal flattening of the sella 
turcica. 

(Three reports of hypoplasia or aplasia of the 
hypophysis showed a familial pattern (Mosier, 
1956; Ferrier and Stone, 1969; Sadeghi-Nejad and 
Senior, 1974). Our cases fall into this group, al- 
though there was no previous history of similar 
cases in the family. This suggests an autosomal 
recessive type of inheritance, as in the cases de- 
scribed by Ferrier and Stone (1969). 

Hypopituitarism which appears later in life and 
is symptomless during the neonatal period usually 
shows no changes in the sella turcica (Brasel et al., 
1965). Such patients tend to have an isolated defect 
of one hypophyseal hormone only, often growth 
hormone deficiency (and dwarfism), and this con- 
dition also occasionally shows a recessive autosomal 
mode of inheritance (Irygstad and Seip, 1964; 
Rimoin ef al., 1966; Seip et al., 1968; Rimoin and 
Schimke, 1971). 

Although most of the cases with hypophyseal 
hypo- or aplasia show no changes in the sella 
turcica, some do have, as in our cases, a small sella 
turcica (Blizzard and Alberts, 1956; Dunn, 1966) or 
a small sella with a prominent dorsum sellae (Ferrier 
and Stone, 1969). 
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Concealed pre-excitation causing paroxysmal 
reciprocating atrioventricular tachycardia 
in infancy 
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Division of Cardiovascular Disease, Royal Postgraduate Medical School, Hammersmith Hospital, London 


SUMMARY We report 3 infants with Wolff-Parkinson-White (WPW) syndrome who presented 
with life-threatening paroxysmal reciprocating atrioventricular tachycardia in their first 
month of life. The diagnosis was confirmed by electrophysiological studies at ages 2-4 
years, but the characteristic ECG of pre-excitation has not been shown in one patient and was 
first recorded at 2 and 3 years in the other two. In 2 patients the tachycardia proved refractory 
to treatment with digoxin alone but responded to the addition of propranalol or verapamil. One 
of these infants was converted to sinus rhythm by DC countershock, giving time to reconsider 
his treatment with drugs. Digoxin is a well-tried treatment acting by slowing AV conduction and 
interrupting the re-entry circuit. However, it may act more slowly than other agents that act on 
the AV node—such as intravenous verapamil. Our patients illustrate the value of long follow-up 
as the diagnosis of WPW syndrome could not be made in infancy. Many infants who present with 
paroxysmal supraventricular tachycardia in infancy may have an inapparent bypass and be examples 


of the WPW syndrome. 


Paroxysmal tachycardia was recognised in infants 
by Sir Thomas Lewis in 1915. A series of 9 infants 
was described in 1941 by Hubbard and by 1963 some 
250 cases had been reported (Lundberg, 1963), so 
that the entity is not rare. A recent report gave an 
incidence of almost 0-2% in a series of 1212 con- 
secutive asymptomatic 6 to 9-day-old babies who 
had an ECG recorded (Southall et al., 1977). Reports 
however, have been mainly concerned with sympto- 
matic infants and Nadas er al. (1952) among others 
have emphasised that severe symptoms and fatalities 
may occur even in infants who have no structural 
cardiac defect. Thus, prompt recognition and treat- 
ment of the tachycardia are essential. Although 
pre-excitation is recognised as being a major cause 
of supraventricular tachycardia in infants and 
children, case reports of infants are comparatively 
few. Long-term follow-up studies have shown a 
good prognosis for children and adults (Hubbard, 
1941: Nadas et al., 1952; Lundberg, 1963; Giardina 
et al., 1972) and have confirmed that the serious 
clinical problem relates to the young infant. In 
recent years electrophysiological studies in adults, 
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children, and infants (Goldreyer and Bigger, 1971; 
Wellens, 1971; Kaye et al., 1975; Gillete, 1976) have 
greatly increased the understanding of the mechanism 
of supraventricular tachycardia in all age groups and 
have stimulated interest in the tachycardias and the 
natural history of pre-excitation, the diagnosis of 
which is customarily based on the classical electro- 
cardiographic finding of the Wolff-Parkinson-White 
(WPW) syndrome. While it is recognised that the 
ECG may revert to normal (Lundberg, 1963; 
Bhandhusavee et al., 1972) and its intermittent nature 
has been noted (Lundberg, 1963; Moene and Roos, 
1973) little attention has been paid to the appearance 
of the diagnostic ECG which may explain the 
otherwise unexplained cause of some of the paroxys- 
mal tachycardias of infancy on the basis of a con- 
cealed accessory atrioventricular connection. 

We report 3 infants who presented with life- 
threatening supraventricular tachycardia. In one 
the ECG remained normal; in the other two the 
ECG appearances of pre-excitation were delayed, 
yet in all 3 accessory atrioventricular connections 
were shown by subsequent electrophysiological 
studies. 
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Electrophysiological studies 


The 3 children were studied using electrophysio- 
logical methods and measurements previously 
described (Curry, 1975). [nformed parental consent 
was obtained. The children were studied in 
the fasting state and sedated with Omnopon. 
Electrode catheters (USCI. 4F) were placed high in 
the right atrium, opposite the His bundle, in the 
right ventricle and the coronary sinus, the latter 
catheter being used to record and pace from left 
atrium and left ventricle. Measurements were made 
of the functional and effective refractory periods of 
the AV node and other tissues using the extra 
stimulus test at physiological heart rates. The 
shortest atrial cycle length that was conducted 1 : 1 
across an AV pathway during rapid atrial pacing, 
and the shortest ventricular cycle length were 
observed during | : 1 AV conduction, as well as 
the sinus node recovery time after the cessation of 
pacing (Mandel e£ al., 1971). Conventional intra- 
cardiac conduction intervals were accurately 
measured—namely, the AH interval representing 
AV node conduction time and the HV interval. 


Case studies 


Case 1. A term baby boy, birthweight 3-2 kg who 
presented at 3 weeks of age with a 2-day history of 
lassitude, shortness of breath, and loose stools. He 
was found to be pale, sweaty, tachypnoeic, and in 
severe congestive cardiac failure with a resting heart 
rate of over 200/min. ECG showed supraventricular 
tachycardia at a rate of 320, at times complicated 
by transient right bundle-branch block. He was 
given oral digoxin (0:04 mg/kg in 24 hours) and 
subsequently a daily dose of 0-01 mg/kg and a 
single dose of frusemide 1 mg/kg IM. After 48 
hours the ECG reverted to sinus rhythm and the 
resting ECG was normal. Cardiovascular examina- 
tion was normal. Several follow-up ECGs remained 
normal until age 2 years when the WPW syndrome 
type A was recorded. The child is now 6 years and 
this pattern has persisted. There have been no 
recurrences of paroxysmal tachycardia. 

He was admitted for electrophysiological study at 
age 34 years. This confirmed the presence of a 
left-sided accessory atrioventricular connection. 
The maximum rate of tachycardia was 200, with 
anterograde conduction via the AV node, and 
retrograde conduction along the bypass. Tachy- 
cardias were difficult to initiate by premature beats 
and were short lived, although after IV verapamil 
they were easily maintained. The child was thus 
unlikely to have further episodes of tachycardia. 


Case 2. A term baby boy, birthweight 3:6 kg, 
forceps delivery for fetal distress, was noted to have 
an irregular heart beat at birth. ECG recorded on 
the 2nd day of life showed atrial echo beats. He was 
discharged home on his 8th day but readmitted at 
age 6 weeks because of feeding difficulties and 
shortness of breath. His heart rate was noted to be 
in excess of 200 but an ECG was not recorded 
because he was thought to have a sinus tachycardia 
consistent with a pyrexia of 38-5? due to an 
Escherichia coli urinary infection. This infection 
was treated, he became afebrile and was sent home 
on sulphadimidine but was readmitted a week later 
afebrile, collapsed, and in severe cardiac failure. 
ECG showed supraventricular tachycardia (270 
beats/min) with normal intraventricular conduction 
(Fig. 1) apart from a period of left bundle-branch 
aberration. He was given IM digoxin 0:02 mg/kg 
and IM frusemide 1 mg/kg but he rapidly deterior- 
ated and had a generalised convulsion; soon after- 
wards he sustained a cardiac arrest during a lumbar 
puncture performed to exclude meningitis. He was 
effectively resuscitated but required assisted venti- 
lation. He was given 15 mg IV phenytoin followed 
by a maintenance dose of 25 mg t.i.d. and was also 
started on oral propranalol 2 mg 8-hourly. A total 
dose of digoxin 0:04 mg/kg was given in 24 hours 
and then given orally 0-01 mg/kg each day. He 
reverted to sinus rhythm 2 hours later. There was 
no evidence of an infection and he was discharged 2 
weeks later no longer in heart failure and with no 
evidence of an intracardiac defect, on digoxin, 
propranalol, and phenytoin. He was readmitted 
again 3 weeks later in mild heart failure in supra- 
ventricular tachycardia which reverted spontaneously 
to sinus rhythm some hours after admission. There- 
after, he has had no further acute problem but now 
aged 6 years, still gets short self-limiting episodes of 
tachycardia which no longer disturb him. His 
mother recognised the attacks in infancy by his 
pallid appearance and irritability, and in childhood 
by ‘fluttering’ in his neck. Digoxin was discontinued 










AEE a II SE 
PNW at III 
dee fre N int inn fala tn rg a ee 

E EEEE EN 


Fig. 1 Case 2. ECG at 7 weeks of age showing 
paroxysmal atrioventricular tachycardia with normal 
intraventricular conduction. Ventricular rate 270 
beats/min (Lead II); note P’ after each ORS. 
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after one year and propranolol and phenytoin after 
6 months. Serial ECGs were normal until age 3 
years, when a tracing showed WPW syndrome type 
B (Fig. 2). Subsequent ECGs have varied, showing 
either a normal tracing (Fig. 3), intermittent WPW 
(Fig. 4), or sustained WPW syndrome. 
Electrophysiological studies were carried out at 
age 4 years. These confirmed the presence of a right- 
sided accessory atrioventricular pathway. The 
effective refractory period of the accessory tract in 
the anterograde direction was longer than the 
interval between sinus beats giving apparent uni- 
directional block. Tachycardias were relatively 
easily initiated by premature atrial beats, exhibiting 
variable left and right bundle-branch block patterns. 
There was a very wide anterograde re-entry zone 





which would mean the easy initiation of recipro- 
cating tachycardias during normal life, in exercise, 
or during a fever. The therapeutic implications of 
the study suggested that drugs which suppress AV 
nodal conduction would probably inhibit re-entry 
tachycardia as well as equalise refractory periods of 
both anterograde pathways. 


Case 3. A term baby boy, birthweight 4-1 kg, 
was discharged home fit at 48 hours but readmitted 
2 weeks later because of persistent feeding diffi- 
culties. He was found to be in gross congestive 
cardiac failure with a heart rate of over 200/min. 
ECG showed regular tachycardia of 250 with left 
bundle-branch block. IM lanoxin 0-02 mg and 
IV practolol 0:5 mg had no effect so cardioversion 


Fig. 2 Case 2. ECG at 
routine outpatient visit aged 
3 years showing WPW 
syndrome (type B). 


Fig. 3 Case 2. ECG at 
7 weeks of age, showing no 
evidence of pre-excitation. 
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Fig. 4 Case 2. ECG at routine outpatient visit aged 
4 years showing intermittent pre-excitation (Lead II). 





was attempted and the baby reverted to sinus 
rhythm with 1 W/second. Further recurrences of 
the tachycardia were treated successfully either by 
DC cardioversion or IV verapamil (0:15 mg/kg). 
The baby was maintained on lanoxin 0-01 mg/kg 
per day and given daily IM frusemide (4 mg) until 
the heart failure resolved. The cardiac findings were 
normal as were the resting ECGs and there was no 
evidence of an infection. The baby was sent home on 
maintenance digoxin. During the next year he con- 
tinued to have episodes of tachycardia which needed 
hospital admission but were all treated successfully 
with IV verapamil. At one year of age he sustained 
a right hemiplegia and episodes of tachycardia 
persisted for a further 4-6 months but ceased to 
cause symptoms and were self-limiting. He is now 
5 years with normal cardiac findings and a mild 
residual hemiplegia. All his resting ECGs have been 
normal but on one tracing there was a single 
complex showing pre-excitation after termination of 
a tachycardia with IV verapamil. 

Electrophysiological investigations at age 2 years 
demonstrated a left-sided accessory atrioventricular 
connection (WPW syndrome type A). There was no 
anterograde conduction via the anomalous path- 
ways, but retrograde activation demonstrated a 
refractory period <200 milliseconds. Tachycardias 
were easily maintained only while left bundle- 
branch block pattern was seen. However, drugs 
slowing AV nodal conduction allowed tachycardias 
to be maintained with normal intraventricular 
conduction. Tachycardias were never prolonged and 
aborted spontaneously. 


Discussion 


Our patients presented as critically ill infants and 
emphasise the diagnostic and therapeutic urgency of 
supraventricular tachycardia in this age group. 
The clinical presentation of low cardiac output, 
sometimes associated with signs of congestive 
cardiac failure can equally well be seen in young 
infants with severe infections who may have a sinus 
tachycardia in the region of 200. Accurate counting 
of the heart rate in infants is difficult and it is 
mandatory to record an ECG in any sick infant 
with an unmodifiable rapid heart rate. The severity 
of symptoms in paroxysmal tachycardia in infants 


relates more closely to duration of the episode than to 
the rate (Hubbard, 1941) which again emphasises the 
necessity of having an index of suspicion of the under- 
lying problem. Fortunately one of our patients (Case 
2) was resuscitated after cardiac arrest but infant 
deaths have been reported directly referable to the 
tachycardia (Werley, 1925; Kimball and Burch, 1947; 
Silverman and Werner, 1950; Engle, 1952) and it is 
conceivable that paroxysmal tachycardia may be a 
cause of sudden death in a seemingly healthy infant 
(Keeton et al., 1977). Deaths have also been related 
to treatment (Nadas et al., 1952). Complications of 
the tachycardias seem rare and we cannot directly 
relate the hemiplegia of our patient (Case 3) to the 
tachycardia, but ventricular mural thrombi have 
been described in a fatal case (Nadas et al., 1952) and 
it is conceivable that this episode was embolic. 

The incidence of pre-excitation in paroxysmal 
supraventricular tachycardia in infancy is not known 
but it is generally thought to be 9-13% in infants 
and children (Nadas et al., 1952; Keith ef al., 1958). 
Burkiett (1954) reported a 9-13 % incidence in infants 
but Lundberg (1963) found that 26 of 51 infants 
showed pre-excitation some time during their first 
year of life. He explained this high incidence (57 % 
by his having taken multiple ECGs during the first 
year and noted that 25% of the infants had a 
normal ECG after the acute attack. Follow-up of 
our 3 patients resulted in confirmation of the WPW 
syndrome in two. Delayed appearance of pre- 
excitation has been noted in adults (Krikler, 1975) 
and Sung ef al. (1977) have drawn attention to 
concealed WPW syndrome in infants, children, and 
adults presenting with recurrent supraventricular 
tachycardia, as reported in our Case 3. These reports 
lend support to the view that pre-excitation may be 
the commonest cause of supraventricular tachy- 
cardia in infancy (Lundberg, 1963). The appearance 
of delta-waves depends on the relative properties 
of the AV nodes and the anomalous pathways, 
their differing response to drugs and to changes in 
autonomic tone. The intermittent accessory con- 
duction in Case 2 reflects its long refractory period. 
The delayed appearance of delta-waves in Cases 1 
and 2 is in keeping with physiological slowing of 
conduction with growth (Scherf and Cohen, 1964) 
rather than with improvement in anterograde con- 
duction in the accessory pathway. Mandel et al. 
(1974) demonstrated a greater rate of tachycardia, 
higher incidence of induced tachycardia, and shorter 
SA and AV node and bypass refractory periods in 
children compared with adults. 

Digitalis has often been used in the treatment of 
paroxysmal tachycardia in infancy; Giardina et al. 
(1972) successfully treated 28 of 29 patients. How- 
ever, 2 of our 3 patients were refractory to digitalis 
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alone and unsuccessful treatment has been reported 
(Schiebler et al, 1959; Swiderski et al., 1962). 
Verapamil also acts on the AV node and appears 
to be a highly effective drug, given IV, for treatment 
of reciprocating tachycardia with or without by- 
pass (Krikler and Spurrell, 1974). However, this 
drug, like the 6-blockers, is primarily an AV node 
blocker and, as demonstrated in our first patient, 
may occasionally introduce a critical degree of 
delay in the AV node so that re-entry can occur 
using a bypass. Thus if the tachycardia cannot be 
successfully treated by an AV nodal blocking drug 
(digitalis, verapamil, or $-blocker) an agent which 
preferentially blocks the accessory pathway (ventric- 
ular myocardium)—such as procainamide—should 
be used. 

The sick infant with paroxysmal tachycardia 
needs urgent treatment. Vagal stimulation is 
ineffective in this age group (Swiderski et al., 1962; 
Lundberg, 1963) DC countershock which was 
successful in Case 3 may allow time to consider an 
effective drug regimen. Verapamil was successful in 
this particular infant, and is an appropriate im- 
mediate therapy (Krikler and Spurrell, 1974) given 
in a rapid IV injection, but it must not be given if 
the infant has already received a 6-blocker because 
of the combined negative inotropic action (Nayler 
and Krikler, 1974). The converse is equally true and 
8-blockers are less effective than verapamil and their 
use is not advocated. The indications for long-term 
drug prophylaxis have not been established. Two of 
our patients (Cases 1 and 2) were maintained on 
treatment for 12 and 6 months respectively but, 
in retrospect, this was not justified in Case 1. As 
persistent and symptomatic tachycardias are unusual 
after the first 6-12 months of life (Giardina ef al., 
1972) there seems, in general, little indication for 
continuing prophylactic treatment beyond infancy. 


We thank Dr P. Curry for carrying out the electro- 
physiological studies and Dr D Stone for referring 
Case 3. 
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Short reports 


Tetrahydrobiopterin therapy of 
atypical phenylketonuria due to 
defective dihydrobiopterin 
biosynthesis 


Phenylalanine-4-hydroxylase, tyrosine-3-hydroxy- 
lase, and tryptophan-5-hydroxylase need 5, 6, 7, 8- 
tetrahydro-L-biopterin (BH ,) as a coenzyme. BH, 
is formed in vivo from guanosine-triphosphate by 
several enzymatic steps leading to dihydrobiopterin 
(DHB). The latter is transformed into (6 S)—or 
(6 R)—BH, by the action of dihydropteridine 
reductase (DHPR). The lack of any one of the 
enzymes involved in the BH, biosynthesis results in 
a deficiency of BH, leading biochemically to non- 
functional hydroxylating systems and clinically to 
variant forms of phenylketonuria (PKU) (Kaufman 
et al., 1975; Bartholomé et al., 1977). This paper 
concerns an infant with atypical PKU, who was 
treated successfully with chemically pure tetra- 
hydrobiopterin. 


Case report 


A baby girl weighed 2210 g at birth. The Guthrie 
test for PKU was negative on the 6th day of life, 
despite correct blood sampling and sufficient protein 
intake. At age 6 months severe muscle hypotonia 
and mental retardation were observed. At this time 
the serum phenylalanine (McCaman and Robins, 
1962) was 20 mg/100 ml (1:21 mmol/l). A repeat 
test of the preserved Guthrie test paper confirmed 
<2 mg/100 ml (0-121 mmol/l), indicating that a 
very slow rise in blood phenylalanine had occurred 
after birth. A low phenylalanine diet was started. 
After 3 months no clinical improvement was 
observed and, therefore, further diagnostic pro- 
cedures were initiated. The  phenylalanine-4- 
hydroxylase activity in a liver biopsy (Bartholomé 
et al, 1975) was 22 umol/g protein per hour 
(normal mean + SD: 35.2 + 11:1) Kp for 
phenylalanine was 0-035 mmol/l (normal). DHPR 
was 67 nmol NADH/mg protein per min 
(normal, 70.2-91.1, Bartholomé et al., 1977, 
courtesy of S. Milstien and S. Kaufman). The 
phenylalanine-4-hydroxylase im vivo test (Curtius 
et al., 1972, 1977; Zagalak et al., 1977), showed 


only 2% of the activity found in a control 
group. 


Tetrahydrobiopterin administration, IV and oral 


After having received the consent of the parents, the 
diet was interrupted and a therapeutic trial with 
BH, was begun. For four days on a normal 
diet (about 120 mg phenylalanine/kg per day) the 
serum phenylalanine increased from 2-1 to 20-4 
mg/100 ml (0-127 to 1-234 mmol/l). Chemically pure 
(6 R, S)—BH ,: 2 HCl, synthesised by Schircks et al. 
(1977) was administered intravenously (25 mg BH ,: 
2 HCI, corresponding to 2-5 mg/kg, in 2 ml isotonic 
buffer of pH 3-0, containing 25 mg ascorbic acid, 
20 mg lactic acid, pH adjusted with 1 N NaOH). 
Three hours later, the serum phenylalanine decreased 
to 2-1 mg/100 ml. Six hours and 24 hours after the 
injection, the phenylalanine values were still 0-9 
and 2-1 mg/100 ml (0-05 and 0-127 mmol/l) 
respectively. 24 hours after the first injection, a 
second injection of BH, was given. The serum 
phenylalanine remained below 2:1 mg/100 ml during 
the next 36 hours. 

In a second therapeutic trial, 25 mg BH ,: HCl 
were administered twice within 6 days (Figure) 
through a gastric tube. Again BH , was supplemented 
with ascorbic acid (1:4, w/w) and dissolved in 20 
ml water deaerated with N ,. A striking decrease of 
the serum phenylalanine concentration was also 
observed. The therapeutic trial was then discon- 
tinued and the phenylalanine-restricted diet was 
restarted, together with r-dopa, carbidopa, and 
5-hydroxytryptophan (Bartholcmé et al., 1977). 


Discussion 


The following findings strongly suggest a defective 
biosynthesis of dihydropterin in our patient: 
normal activities of the apoenzymes of phenylalanine- 
4-hydroxylase and DHPR in liver biopsy; 
abnormal in vivo assay of  phenylalanine-4- 
hydroxylase with a clinical picture similar to 
PKU; and the patient’s prompt biochemical 
response to the administration of BH,. Moreover, 
the synthetic BH,, given intravenously, proved to 
have a potent effect in lowering the phenylalanine 
concentration in blood to normal values in this 
patient. The fact that it was equally effective when 
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Figure Decrease of serum phenylalanine concentration 
after oral administration of BH: - 2 HCl-ascorbic 

acid (1:4, w/w). The child was on a normal diet. 

The first administration was before, and the second 
after a meal of milk. 


given orally proves that BH, is absorbed by the 
intestine. 

In a patient with suspected DHB reductase 
deficiency, Danks et al. (1975) found a rather 
low response to IV administration of a BH, 
preparation, and no response at all to oral adminis- 
tration of 1 mg BH ,. 

BH, is an essential coenzyme, not only for the 
formation of tyrosine from phenylalanine in liver, 
but also for the formation of catecholamines and 
serotonin which occurs at the synapses within the 
brain. A patient with a defect in the biosynthesis of 
BH , would lack these biogenic amines in the brain 
if the BH, administered could not penetrate the 
blood-brain barrier. Using thesame BH , preparation 
as Danks ef al. (1975) in experiments on rats, 
Kettler et al. (1974) thought the evidence suggested 
that BH, did not penetrate the brain. However, 
the BH, preparation used by these authors pre- 
sumably had low biological activity, and the 
question of the penetration of BH, into the brain 
must be considered. This being so, patients with 
defective BH , biosynthesis should be treated not 
only with BH, but also with L-dopa, carbidopa, 
and 5-hydroxytryptophan. We conclude that it 
should be possible to replace the low phenylalanine 
diet for such patients, with a normal diet and a 
BH , supplement. 


Short reports 675 
Summary 


A patient with atypical phenylketonuria (defective 
BH , synthesis), detected at age 6 months because 
of severe muscle hypotonia and serum phenylalanine 
of 20 mg/100 ml, had normal activities of 
phenylalanine-4-hydroxylase and DHPR in liver 
biopsy, but only 2% activity in the phenyla- 
lanine-4-hyroxylase in vivo test using deuterated 
phenylalanine. After IV administration of 2.5 
mg/kg chemically pure tetrahydrobiopterin bis 
hydrochloride (BH, - 2 HCI), serum phenylalanine 
decreased from 20-4 to 2-1 mg/100 ml within 3 
hours. Administration of 25 mg BH, - HCI and 
100 mg ascorbic acid through a gastric tube de- 
creased serum phenylalanine from 13-7 to <1-6 
mg/100 ml within 3 hours and it remained <2 
mg/100 ml for 2 days. 


This work was supported by the Swiss National 
Science Foundation, Grant No. 3.642-0.75. 
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Diagnosis of phaeochromocytoma 
after ingestion of imipramine 


We describe a case of phaeochromocytoma of the 
adrenal medulla in one of identical twin girls, 
diagnosed after the ingestion of imipramine. 


Case report 


An 11-year-old girl was admitted to hospital with a 
history of pallor and profuse sweating for 24 hours 
after a single dose of imipramine syrup (Tofranil 
50 mg). There had been a similar episode 2 months 
earlier after medication with a tablet of imipramine 
(50 mg). This drug had been prescribed by the 
family doctor for the treatment of nocturnal enuresis 
of a year’s duration. After the first dose the girl had 
sweated profusely for about 12 hours. Her mother 
stopped her medicine but decided to reintroduce it 
2 months later as bed-wetting had persisted. Within 
6 hours the girl developed the symptoms which led 
to her admission. 

On examination she was 6 cm shorter and 5 kg 
lighter than her twin, despite being slightly taller 
and heavier a year earlier. She was pale, cold, and 
drenched in sweat, with a temperature of 36:2'C. 
Her pupils were widely dilated but briskly reactive 
to light, and she had a pulse rate of 160/min. Her 
blood pressure was 110/85 mmHg and there were 
no other abnormal findings on physical examination. 
A random blood sugar was within normal limits and 
ECG showed sinus tachycardia. 

By the next day her diastolic pressure had risen to 
100 mmHg and she continued in a state of sym- 


pathetic overactivity. A phaeochromocytoma was 
suspected. 

Investigations included measurement of urinary 
hydroxy-methoxy-mandelic acid (HMMA) and 
metadrenaline levels. Both levels were raised at 
30 umol/24 h and 45:9 umol/24 h respectively. 
Aortography confirmed the presence of a right-sided 
adrenal tumour. Her hypertension was controlled 
with oral phenoxybenzamine, and adrenalectomy was 
performed with full anaesthetic precautions (Crout 
and Brown, 1969). Histological examination of the 
tumour confirmed the diagnosis of phaeochromo- 
cytoma. After surgery her blood pressure returned to 
normal and there was no further enuresis. Urinary 
HMMA and metadrenaline levels fell to normal. 
The screening test for phaeochromocytoma was 
normal in her twin sister. 


Discussion 


Phaeochromocytoma is a rare condition and has 
been found once in a thousand necropsies in adults 
(Herman and Mornex, 1964). It is estimated that 
0-5% of adult hypertensive patients in the USA 
have this tumour. For every 10 patients successfully 
treated, it is thought that there is one death from 
hypertensive crisis in a patient whose phaeochromo- 
cytoma is demonstrated at necropsy (Harrison, 
1976). This tumour is considerably rarer in children 
(Wotherspoon et al., 1974), most reports being of 
single cases. Symptoms of the disease may be pro- 
voked by agents which stimulate release of amines, 
thereby producing abnormal pressor responses in 
the tumour. Such pressor agents may be used in 
provocative tests for the diagnosis of phaeochromo- 
cytoma, and include histamine, tetraethylammonium, 
and methacholine (Beeson and McDermott, 1971). 

Imipramine is a tricyclic antidepressant which is 
commonly used to treat nocturnal enuresis in 
children. It possesses anticholinergic properties, and 
reported side effects include dryness of the mouth, 
dizziness, tachycardia, palpitations, and urinary 
retention. Excessive sweating has been reported 
although the mechanism is not known. Tricyclic 
antidepressants have also been shown to enhance 
the effects of catecholamines by blockade of active 
transport from extracellular fluid to cytoplasmic 
mobile pool (Axelrod et al., 1961). 

Our patient may have had an idiosyncratic reaction 
to imipramine. This may have been the result of 
direct adrenal stimulation by the drug, or in response 
to excess catecholamine production after blockade 
in the re-uptake mechanism by imipramine. We are 
unaware of any previous report of phaeochromo- 
cytoma diagnosed after the ingestion of imipramine. 


-^ 


Summary 


An 11-year-old twin girl was admitted to hospital 
with a 24-hour history of profuse sweating, tachy- 
cardia, and hypertension after a single dose of 
imipramine. She was subsequently found to have a 
right adrenal phaeochromocytoma. To our know- 
ledge, this is the first reported case of tumour 
provocation by imipramine. 


We thank Dr H. Simpson for his permission to 
report this case. 
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Sucrase-isomaltase deficiency 
A follow-up report 


Sucrase-isomaltase deficiency is an autosomal 
recessive condition which usually presents in infancy 
with severe diarrhoea when sucrose is introduced 
into the diet. Sucrase deficiency was first described 
by Weijers et al. (1960); subsequently Anderson ef 
al. (1962), using a qualitative method, reported 
deficiency of sucrase and isomaltase activities in 
duodenal biopsies of affected children. Burgess ef al. 
(1964) reported 7 cases with quantitative estimations 
of mucosal disaccharidase activities. Four of these 
children were traced 10 years later and their progress 
is reported together with the progress of 5 children 
diagnosed more recently. 
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Patients and methods 


All 9 children had presented with a typical history 
of chronic diarrhoea in infancy. In most cases this 
was severe and was associated with poor weight 
gain. The initial diagnosis of sucrase-isomaltase 
deficiency had been based on the following criteria. 
(1) A ‘flat’ sucrose tolerance test—i.e. after an oral 
sucrose load of 2g/kg the rise in blood glucose was 
<20 mg/100 ml (1:1 mmol/l). (2) A normal lactose 
and/or glucose tolerance test. (3) Histologically 
normal small intestinal biopsy. (4) Very low sucrase 
and palatinase activities while lactase was normal. 
Disaccharidases were measured by the method of 
Burgess ef al. (1964). Palatinose was used as the 
substrate instead of isomaltose, as it is also hydro- 
lysed by isomaltase. 

In Case 9, the diagnosis was made at 6 weeks. 
It was based on carbohydrate tolerance tests and 
confirmed later by biopsy. ‘ 

None of the children described by Burgess et al. 
(1964) had been followed up for more than a few 
months after diagnosis. Four, diagnosed between 
ages 13 months and 5 years, were seen again when 
aged between 11 and 16 years. Three could not be 
traced, 2 because they had left the country and one 
because he had been adopted. 

Case 1 came to our notice because of school 
truancy and severe diarrhoea. He and his sister, 
Case 2, thought that sweet food made their symptoms 
worse but neither they nor their mother understood 
the implications of this nor knew their original 
diagnoses. Case 3 presented to the casualty depart- 
ment with episodes of diarrhoea and abdominal 
pain. Neither parents nor child had associated these 
symptoms with sugar ingestion. Cases 1 to 4 had 
repeat sucrose tolerance tests and Case 3 a repeat 
biopsy. 

Five other children aged 6 weeks to 3 years at 
diagnosis were followed up until aged 3 to 9 years. 
Case 9 had a repeat sucrose tolerance test. 

The symptoms of each child were recorded, a 
dietary history taken, and average daily sucrose and 
starch intake were calculated. As daily starch intake 
varied considerably, the figure given is only approxi- 
mate. When distance from the hospital precluded a 
patient being seen, the parents completed a detailed 
questionnaire (Cases 6 and 8). 


Results 


All 9 children continued to have episodes of 
diarrhoea, often associated with abdominal pain, 
discomfort, or distension (Table). Most children had 
experienced some improvement after the first year of 
life and were able to eat small amounts of sucrose 
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without upset. Case 4 had noticed further improve- 
ment in his sucrose tolerance at about age 10 years. 
Cases 6 and 7 were still on very low sucrose diets 
(0 and 3-5 g daily) and rapidly developed diarrhoea 
if they did not adhere strictly to their diets. Three 
children (Cases 1, 2, and 3) were eating an un- 
restricted diet with 30 to 50 g/day of sucrose but 
diarrhoea was causing concern. They showed a 
marked improvement in symptoms when advised to 
restrict their sucrose intake to 10 to 20 g/day. Case 4 
was eating a relatively unrestricted diet and had the 
least symptoms. He had only occasional bouts of 
diarrhoea, induced by food with a very high sucrose 
content. 

Starch intake was low to average and restricted 
only because of association with food containing 
sucrose. Starch appeared to cause diarrhoea in 
Case 5 only. 

The repeat sucrose tolerance test performed in 5 
cases was abnormal in each instance. Sucrase 
activity was very low in the repeat biopsy in Case 3. 

The children were all of normal height and weight 
although the weight of Case 1 was below that 
predicted for his height. 


Discussion 


Completely asymptomatic children with sucrase- 
isomaltase deficiency have been reported (Kerry and 
Townley, 1965; Antonowicz et al., 1972). However, 
in this series it has been our experience that if a 
patient presents in childhood with symptoms it is 
likely that these will persist into adolescence and 
continued restriction of dietary sucrose will be 
necessary. We, therefore, disagree with the opinion 
recently expressed in an editorial (British Medical 
Journal, 1977) that most older children tolerate 
normal amounts of sucrose. Ament et al. (1973) 
found that fruit and vegetables containing more than 
2% sucrose caused diarrhoea in their patients. The 
amount of sucrose tolerated by each of our patients 
varied and most found their limit by trial and error. 
Dietary starch rarely caused symptoms, a finding 
similar to that of other investigators. 

Antonowicz et al. (1972), reporting cases followed 
up for 6 years, found that sucrase and palatinase 
activities in biopsies remained very low, and our 
findings are in agreement. 

It seems advisable that some long-term contact be 
maintained with children who have sucrase- 
isomaltase deficiency. This will ensure that each 
individual as he gets older understands his con- 
dition, and dietary advice can be given when 
necessary. Children lost to follow-up may gradually 
return to a normal diet and remain unaware of the 
cause of their diarrhoea. 
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The marked improvement in sucrose tolerance 
with age occasionally reported (Auricchio e£ al., 
1963), probably occurs only rarely in the homozygous 
state but may be more common in heterozygous 
carriers of the condition who may have subnormal 
levels of sucrase and isomaltase (Burgess et al., 
1964; Kerry and Townley, 1965). The 9 children 
reported here are considered to be homozygous for 
the condition as in each case sucrase activity was 
considerably below normal range. 


Summary 


Nine children with sucrase-isomaltase deficiency were 
assessed up to 10 years after diagnosis. All children 
continued to have episodes of diarrhoea associated 
with sucrose ingestion. Sucrose tolerance tests 
showed that malabsorption of sucrose persists into 
adolescence. 

Three older patients were unaware of their con- 
dition and were eating normal diets with unrestricted 
amounts of sucrose. They complained of gastro- 
intestinal symptoms which improved after sucrose 
restriction. 


A.M.K. was in receipt of a Heinz Fellowship in 
Paediatric Gastroenterology. 
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Infantile spasms and HLA antigens 


Infantile spasms (IS) or West’s syndrome is an 
epilepsy of early infancy (Gibbs et al., 1954) with a 
typical clinical picture (salaam spasms, Blitz-Nick- 
Salaam-Krámpfe), and often a characteristic EEG 
with hypsarrhythmia. About 90% of the infants will 
end up with severe psychomotor retardaticn 
(Jeavons et al., 1973). Most cases fall into one of two 
groups, cryptogenic or symptomatic. The crypto- 
genic group presents after uncomplicated pregnancy 
and birth, with normal psychomotor development 
until the appearance of the spasms, and with no 
abnormal laboratory findings. The symptomatic 
group shows abnormalities before the onset of 
spasms (infections or trauma during pregnancy, 
perinatal asphyxia, cerebral or meningeal infections, 
epilepsy, psychomotor retardation) and/or more 
specific abnormalities—such as faulty cerebral 
architecture (Huttenlocher, 1974), inborn errors of 
metabolism (Bignami et al., 1966), or chromosome- 
linked diseases such as tuberous sclerosis and Down’s 
syndrome. 

These abnormalities seem to have little in common, 
so the theory was put forward, that IS does not form 
a nosological entity, but is the clinical manifestation 
of a stereotyped reaction of the (immature?) brain 
to widely different influences (Watanabe et al., 
1973). A particular genetic disposition might 
predispose to such a reaction. If so the HLA antigens 
of patients with IS could perhaps be genetic markers 
of such a disposition. 


In January 1976 a prospective study of children 
presenting with IS was begun, centred on the 
paediatric departments of Rigshospitalet, Copen- 
hagen. All children with IS were reported by each 
paediatric department in Denmark. The results for 
the first year of the study, with special reference to 
the HLA antigens, are presented here. 


Patients and methods 


During 1976 21 newly diagnosed children with IS 
were reported. At the end of 1976 personal contact 
was made with all the departments to ensure that 
no child with IS had escaped attention. The child’s 
sex and date of birth, the age at onset of the spasms, 
EEG at first admission, the presumed aetiology, 
blood group, and HLA type were recorded. EEGs 
were obtained before treatment with ACTH or 
corticosteroids. HLA typing for the A, B, and C 
series antigens was performed by the microlympho- 
cytotoxic test (Kissmeyer-Nielsen and Kjerbye, 
1967). The distribution of the HLA antigens in both 


cryptogenic and symptomatic cases was compared 
with that in 1967 normal adults. 


Results 


Table 1 gives the clinical and laboratory data of the 
2] children, 11 boys and 10 girls. The average age at 
onset of IS was 6:2 months. In 90% of the cases the 
EEG showed hypsarrythmia or modified hypsar- 
rhythmia. In 10 cases (5 boys and 5 girls) the aetiology 
was unknown, whereas in 11 cases there had been 
either severe neonatal asphyxia or meningitis. The 
frequency of the blood groups was—A 64%, B 9%, 
and O 27%; 91% were Rh+ and 9% Rh—. 

The HLA types are given in Table 1, while the 
frequency of the HLA antigens, compared with those 
of 1967 blood donors, is shown in Table 2. The HLA 
antigens did not differ significantly from those in 


the controls, either for the cryptogenic or 
symptomatic cases, or for the two groups 
combined. 
Discussion 


The number in our series, 21, agrees with the reported 
incidence of IS of about 1 per 3000-4000 live births. 
The mean age at onset, frequency of hypsarrhythmic 
EEG, and presumed aetiology were also consistent 
with reports (Jeavons and Bower, 1964). The sex 
distributicn cf 1:1 in our cases is not significantly 
different frcm a boy:girl ratio of 2:1, which most 
authors report (Jeavons and Bower, 1964). Neither 
in the patient group as a whole nor in the cryptogenic 
or symptcmatic group did any of the HLA antigens 
differ significantly from that of the 1967 controls. 
Smeraldi et al. (1975) found a significantly higher 
incidence of HLA-B7 in children with Lennox- 
Gastaut syndrome, but there was no increased 
incidence of this antigen in our patients. 

The Lennox-Gastaut syndrome is a disease of 
seizures of early childhood, and has certain resem- 
blances to IS, with the typical seizure pattern of 
myoclonic-astatic petit mal, a peculiar EEG, and the 
likelihood of severe psychomotor retardation 
(Beaumanoir et al., 1968). Up to 25% of children 
with Lennox-Gastaut syndrome have previously 
suffered from IS (Chevrie and Aicardi, 1972). 
Further investigation of the genetic markers of 
children with IS thus seems justified, both as to a 
possible connection with the  Lennox-Gastaut 
syndrome, and to a possible marker of IS or dis- 
position to IS. The finding of such a genetic marker 
might enable us to identify infants at risk, and 
eventually to devise means to prevent this grave 
disease from developing. 
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Table 1 Details of 21 children with infantile spasms arising during 1976 
Case Sex Date of Onset of EEG at first admission Aetiology Blood HLA type 
birth 1S (months) type 
I M 16/06/75 T Hypsarrhythmia Purulent meningitis O Rh+ Aw19, 24, B12 
2 M 07/04/75 9 Modified hyps. Neonatal asphyxia — Al, Aw24, B12, Cw3 
3 F 09/08/75 5 Hypsarrhythmia Cryptogenic — — 
4 F 07/08/75 5 Hypsarrhythmia Cryptogenic A Rh+ Al, 2, B8, BwI15, Cwl 
J F 27/05/75 7 Hypsarrhythmia Neonatal asphyxia — A3, AwI19, B14, Bwl7 
6 M 30/06/75 8 Hypsarrhythmia Cryptogenic A Rh+ A2, 3, Bw15, 40, Cw3 
7 M 10/11/75 4 Hypsarrhythmia Cryptogenic A Rh+ A2, 9, B5, Bw21 
8 F 25/08/75 7 Modified hyps. Cryptogenic — A3, Aw23, B12, Bw40, Cw3,4 
9 F 30/12/75 5 Modified hyps. Cryptogenic — A2, 3, Bw15, B407, Cw3 
10 M 27/01/76 4 Hypsarrhythmia Neonatal asphyxia — A2, Aw23, B8, 12, Cw4 
11 F 22/01/76 5 Hypsarrhythmia Neonatal asphyxia A Rh+ A11. Aw19, B12, Bw40, Cw3 
12 M 29/12/75 6 Hypsarrhythmia Neonatal asphyxia A Rh+ A1, Aw24, B7, Bw15, Cw3 
13 M 15/12/75 5 Hypsarrhythmia Cryptogenic — A2, B7, Bw21 
14 M 02/04/75 16 Hypsarrhythmia Neonatal asphyxia B Rh+ A2, 3, B7, Bwl15, Cw3 
15 F 05/02/76 6 Hypsarrhythmia Neonatal asphyxia — Al, 3, B7,8 
16 F 11/10/75 4 Severely abnormal Cryptogenic O Rh+ A2, Aw19, Bw40, Cw3 
{7 F 14/01/76 9 Hypsarrhythmia Neonatal meningitis A Rh— Al, 28, B5, Bw40, Cw3 
18 M 13/07/76 3 Hypsarrhythmia Cryptogenic — Al, 3, B18, Bw17, Cw5 
19 F 05/08/75 8 Severely abnormal Neonatal asphyxia O Rh+ A3, 28, B7, 12 
20 M 16/04/76 4 Hypsarrhythmia Cryptogenic A Rh+ A1, Aw32, B7, 12 
21 M 03/02/76 4 Hypsarrhythmia Neonatal asphyxia — -= 
Summary Gastaut syndrome is mentioned, because of reports 


21 new cases of infantile spasms were reported in 
1976 from paediatric departments in Denmark. The 
connection between infantile spasms and the Lennox- 


Table 2 HLA antigen frequency in 19 patients with 
infantile spasms and 1967 controls (from the 
tissue-typing laboratory) 


Infantile spasms (19 patients) Controls (1967) 








HLA antigen A pA 

HLA-A1 36-8 31-1 
HLA-A2 42-1 53-6 
HLA-A3 42-1 26-9 
HLA-A9 5.3 17-3 
HLA-AI10 0-0 9.6 
HLA-AI1 5.3 10-1 
HLA-A28 10-5 10-0 
HLA-Awl9 21-0 17.8 
HLA-Aw23 10-5 — 

HLA-Aw24 15.8 — 

HLA-Aw32 5.3 — 

HLA-BS5 10-5 10-6 
HLA-B7 31-6 26-8 
HLA-B8 15-8 23-7 
HLA-B12 36.8 25.2 
HLA-B13 0-0 4-3 
HLA-B14 5.3 4.5 
HLA-B18 543 7-1 
HLA-B27 0-0 8-6 
HLA-Bw15 26-3 17-9 
HLA-Bw16 0-0 5.4 
HLA-Bwl7 10-5 7-7 
HLA-Bw21 10-5 3-5 
HLA-Bw22 0-0 3.8 
HLA-Bw35 0-0 13-1 
HLA-Bw40 26-3 17-9 
HLA-B407 5.3 — 

HLA-Cwl 5.3 8.4 
HLA-Cw2 0-0 11-0 
HLA-Cw3 47.4 37.0 
HLA-Cw4 10-5 17-1 
HLA-Cw5 5.3 — 


a, 


of a significantly higher incidence of HLA-B7 in 
children with Lennox-Gastaut syndrome. The HLA 
antigen distribution in 19 of the 21 children was 
compared with that of 1967 healthy adults. No 
difference in the HLA antigens was demonstrated 
between children with infantile spasms and controls, 
whether in the material as a whole, or in the crypto- 
genic or symptomatic groups. However HLA typing 
of children with infantile spasms should continue in 
the search for a potential genetic marker in this 
grave disease, particularly in view of the reported 
high incidence of HLA-B7 in children with the 
Lennox-Gastaut syndrome. 
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Familial neurodegenerative disorder 
associated with raised urinary 
vanillylmandelic acid 


Urinary vanillylmandelic acid (VMA) is often raised 
in children with neuroblastoma (Voorhess and 
Gardner, 1962). It is sometimes transiently raised in 
infants in heart failure, after surgery, exchange 
transfusion, or during an acute asthmatic attack 
(Hakulinen, 1971). 

Hirschberger and Kleinberg (1976) reported failure 
to thrive in an infant who had persistently raised 
urinary levels of VMA and in whom no neural crest 
tumour was found at necropsy. We report a child 
with a neurodegenerative disorder in whom hyper- 
tension and persistently raised urinary VMA were 
noted. 


Case report 


A 9-month-old baby boy was referred with a history 
of developmental delay and a possible neuro- 
degenerative disorder. He is the third child of 
healthy, unrelated parents. 

The baby's sister died at 21 years. She had been 
well until 7-months old, and then regressed. During 


the next year she became progressively more spastic, 
had recurrent bouts of vomiting, and at 2 years 
required tube feeding. At this time episodes of eye 
rolling, fever, and profuse sweating were noticed 
during which she emitted an offensive aroma. She 
died in coma at 21 years. No necropsy was per- 
formed, and regrettably there is no information 
about her blood pressure. There is a healthy male 
sibling aged 31 years. 

Our patient had been well until 6 months when he 
began to show signs of regression with delayed 
milestones. He was noted to have brief cyanotic 
episodes, during which he would stiffen, sweat 
profusely, and emit a musty smell similar to his 
sister. During the next 9 months frequent short 
generalised convulsions were noted. Sweating con- 
tinued and during the summer months he often 
required rehydration in hospital. 

When examined at 9 months his height, weight, 
and head circumference were all around the 10th 
centile. Socially he was very responsive. The cranial 
nerves were normal but limbs were hypertonic with 
brisk reflexes. He had poor head control with marked 
head lag on pulling to sit, and he was unable to sit 
unsupported. The liver and spleen were just palpable. 
His blood pressure was consistently raised at 
120/80 mmHg, with paroxysms of up to 180/110, 
often associated with intense irritability and sweating. 

Examination at 18 months showed evidence of 
further regression. His liver remained just palpable 
and his blood pressure was persistently raised 
with a diastolic of 90-95 mmHg. 

On a low tyramine diet, introduced because of the 
similarity of some of the clinical features of this 
syndrome to those occurring in adverse reactions 
to monoamine oxidase inhibitors, his neurological 
status remained virtually unchanged, with fewer 
episodes of irritability and paroxysmal hypertension. 
There was no further regression. 


Investigations 


Routine haematology and biochemistry, blood 
ammonia, creatine phosphokinase, copper, zinc, 
renin and aldosterone, and white cell lysosomal 
enzymes were all normal. There were no vacuoles in 
the lymphocytes, no abnormal storage cells in bone 
marrow, and no metachromatic granules in the urine. 
Examination of urine for amino and organic acids 
failed to show any consistent abnormality. Loading 
diets of leucine, isoleucine, and valine had no effect 
clinically or biochemically. ECG showed left 
ventricular hypertrophy although the chest x-ray 
was normal. 

A skeletal survey showed generalised demineral- 
isation with a possible compression fracture in the 


8th thoracic vertebra. Radioisotope bone scan and 
intravenous pyelogram (IVP) were normal. Com- 
puterised tomography (EMI scan), electroretino- 
graphy, visually evoked responses, and nerve 
conduction studies were all normal. 

Urinary VMA was raised on 4 separate occasions 
and during a pyrexial illness associated with profuse 
Sweating it was over twice the upper limit of 
normal (Table). 

Platelet monoaminoxidase levels were normal as 
were urinary normetadrenaline, metadrenaline, and 
3-methoxytyramine. An intradermal histamine test 
was normal. 


Table Urinary VMA excretion* 
seen ——— 





Age Urinary Remarks 
(months) VMA 
(umol/24h)t 
19 21 
194 16 
204 16 
214 26 Paroxysm of sweating and irritability 
22 6 Low tyramine diet 
23 13-5 ü 
24 8 ae 


*Using the method of Pisano et al. (1962). 
{Upper range of normal—13 umol/24 h. 


Discussion 


We were unable to make a specific diagnosis in 
this child. The similarities between our patient and 
his sister suggest a hereditary condition. 

Catecholamine metabolism is known to be dis- 
turbed in several familial disorders. Raised VMA is 
found in familial neuroblastoma and phaeochromocy- 
toma (Chatten and Voorhess, 1967), and raised 
homovanillic acid (HVA) may be present in the 
Riley-Day syndrome (Gitlow ef al., 1965), when the 
VMA is often low. We are unaware of any other 
familial disorder in which VMA is raised. 

Extracts of banana, ice cream, and walnuts were 
excluded from this child’s diet before and during 
collection of samples. After a low tyramine diet had 
been established, the urinary VMA tended to fall. 
This diet appeared to lower his blood pressure 
slightly and although there was little improvement 
in his neurological status he stopped regressing. 
The normal IVP and the renin and aldosterone 
values exclude renal disease or Conn’s syndrome. 

The combination of raised VMA excretion, hyper- 
tension, and sweating in this child is suggestive of a 
defect in catecholamine metabolism or excretion 
although the exact nature remains uncertain. Such 
disturbances of catecholamine metabolism or ex- 
cretion have not been known to occur in children 
with a progressive neurological disorder or other 
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neurological insult, and we therefore wonder 
whether our patient has a disorder in which this 
abnormality is a specific feature. 


Summary 


We report a child who presented with a 
progressive neurological disorder associated with 
hypertension and paroxysms of irritability and 
sweating in whom an abnormality of catecholamine 
metabolism or excretion was demonstrated. An 
elder sister died at the age of 21 years with similar 
clinical symptoms but without blood pressure or 
catecholamine excretion being recorded. 

The exact mechanism of the disturbance of 
catecholamine excretion was not identified in our 
patient but some slight improvement in hyper- 
tension and arrest of his neurological deterioration 
was noted when he was put on a low tyramine diet. 

It is suggested that our patient may well suffer 
from a familial neurodegenerative disorder in 
which an abnormality of catecholamine metabolism 
or excretion is a feature. 


We thank Dr John Wilson for permission to 
describe this patient under his care and for his 
advice, and Dr M. Dillon for help in the 
preparation of this report. 
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Symposium report 


Protective properties of human milk and the effects 


of processing on them 


A one-day symposium on the protective properties 
of human milk, organised jointly by the Neonatal 
Society and the National Institute for Research in 
Dairying, was held on 28 April 1978. Years ago the 
most important property of human milk was its 
freedom from bacterial contamination and hence the 
protection it afforded breast-fed infants from gastro- 
intestinal infections. This is still so in many parts of 
the, world. Isolated reports of specific protective 
substances in human milk appeared from time to 
time, most importantly Paul Gyórgy's in 1953 
on the importance of the ‘bifidus factor’, but it was 
not uutil the 1970s that it was appreciated how 
important and varied these substances were. Now 
that more and more human milk banks are being 
set up to meet the needs of the low-birthweight 
infant, contamination of human milk becomes a 
danger. To overcome this the milk is generally 
heated, and an important part of the symposium 
was concerned with the best method of processing 
human milk so that as far as possible harmful 
bacteria and viruses are destroyed, and the inherent 
protective properties are preserved. 

Dr Mavis Gunther spoke first on the relationship 
of the composition of human milk and the baby’s 
mechanisms of defence. Dr Gunther, perhaps before 
anyone else, saw the practical importance to the 
baby of the discoveries that were being made in 
laboratories, and while she covered the subject in a 
general way, she brought out a number of points not 
made by subsequent speakers. She emphasised that 
some bacteria in the gut are a good thing, and 
contrasted the greater abundance of the beneficial 
Lactobacillus bifidus in the gut of the breast-fed 
infant with the larger number of potentially harmful 
Escherichia coli in that of the infant fed on a prepara- 
tion based on cows’ milk. Bacteria get into the 
infant’s gut, not only from its food, but also from 
the mouth of anyone who kisses it. So long as this 
person. is its mother, and she is breast feeding it, this 
does not matter because she secretes antibodies 
imprinted with her immune experience in her milk, 
and the mother’s germs may even be helpful by 
taking part in excluding other more harmful ones. 
In the discussion after Dr Gunther’s paper it was 
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suggested that the situation was not quite so simple, 
and the conditions leading to a correct gut flora 
were not known. 

Miss P. Evans (Department of Animal Husbandry, 
Langford, Bristol) spoke next on intestinal immunity 
in young animals. She referred particularly to her 
work on the stimulation of mammary antibodies in 
pigs. The immune system in the intestine in many 
mammalian species is characterised by a predomi- 
nance of immunoglobulin A. In the absence of 
congenital infection, the immune system of the 
young animal at birth is relatively devoid of plasma 
cells which secrete immunoglobulins. The newborn 
therefore relies on antibody passively acquired from 
its mother through the colostrum and milk. Most of 
the antibody is synthesised in the mammary gland. 
When lactating sows were dosed orally with heat- 
killed E. coli there was no antibody response in the 
mammary gland, but when live bacteria were given 
there was an increase in antibody titre in the milk, 
which lasted for at least 4 weeks, and this was 
predominantly of the IgA class. There was also a 


secretory IgA response in the intestinal secretions of a 


the sow, and it was suggested that antigenic stimula- 
tion in the gut is linked with and precedes stimulation 
of IgA antibody production in milk. Reference was 
made to a study by Ahlstedt eż al. in Sweden in 
which women were given E. coli by mouth during 
pregnancy, and again live bacteria were much more 
powerful than dead in stimulating the local immune 
system. 

The next two papers were concerned with the 
practical problems confronting those concerned with 
collecting human milk, storing it, processing it, and 
feeding it to low birthweight infants. Dr J. Hewitt 
(Public Health Laboratory Service) spoke about the 
bacteriological quality of human milk collected for 
milk banks. He started with a slide of a cow and a 
woman and pointed out the advantage the woman 
has, with her breasts high up away from the ground 
and from her excreta so that the likelihood of 
contamination of human milk is much less than of the 
milk from the cow. Hewitt described his collabora- 
tive work with the staff of the Department of Child 
Health, King’s College Hospital, London, and the 


Department of Microbiology, University of Surrey. 
The bank at King’s was established by recruitment 
of mothers returning home after delivery in hospital. 
Surplus milk was stored in sterile plastic jars in the 
domestic refrigerator and called for 3 times a week. 
The instructions for the collection of expressed milk 
include—using disposable towels for washing the 
hands and breasts, avoiding collection from a 
recently suckled breast, and rejecting the first 10 ml 
of milk expressed. This milk was found to havea total 
bacterial count 10- to a 100-fold higher than the 
midstream milk. It is recommended that milk kept 
by donors at home for longer than 24 hours should 
be kept in the freezer compartment of the refrigerator. 
If the measures are followed the milk contains small 
to moderate numbers (10? to 104 per ml) of the 
normal skin bacteria, with a few Gram-negative 
organisms. When the milk arrives at the bank it is 
screened for bacterial content, and graded as 
suitable for use raw, for pasteurisation, or to be 
discarded. Hewitt was asked about the time-con- 
suming plate-counts used in quality control, and 
whether simpler screening tests such as dye-reduction 
could be used: the answer was no. Another question 
concerned screening for viruses: Hewitt replied that 
screening of the donors was a first vital step, 
particularly to reduce enteric virus contamination. 
Cytomegalovirus was lost on pasteurisation. There 
was no evidence as yet for the transmission of a 
hepatitis B in breast milk. 

Dr J. D. Baum (John Radcliffe Hospital, Oxford) 
described an alternative system. The milk during 
transport to the hospital reaches a temperature of 
+5 to +15°C. On arriving at the hospital bank it is 
pooled, poured into individual bottles, pasteurised 
using the purpose-built automated Oxford pasteu- 
riser (Vickers Medical Ltd), and stored frozen until 
used. A sample of the pooled milk after pasteurisa- 
tion is examined bacteriologically and the presence or 
absence of named pathogens provide the index of the 
acceptability of the milk. Baum, like Hewitt, was 
much concerned with reduction of bacterial contami- 
nation and said that soaking the collecting vessels in 
hypochlorite (Milton) is effective in reducing the 
numbers of pathogens and nonpathogens. 

There was much common ground between the 
systems at King's College Hospital and at Oxford. 
The major point of difference was that attempts 
were being made at King's to separate milk that 
could safely be used raw, whereas the Oxford 
system relies on a precise pasteurising process to 
eliminate pathogens, and at the same time to 
preserve the antimicrobial factors of milk. 

Dr Pamela Davies (Department of Paediatrics, 
Hammersmith Hospital, London) concluded the 
morning session with a paper given jointly with Dr L. 
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Gothefors on feeding preterm babies with fresh and 
heat treated milk. She described studies on 27 pre- 
term infants with median gestational age 32 weeks, 
many of whom were ill. Seven were fed fresh human 
milk, 11 sterilised human milk, and 9 a modified 
cows' milk preparation for several weeks after birth. 
The number of infants colonised with E. coli, 
Klebsiella, or Enterobacter did not differ in those fed 
fresh human milk or a modified dried cows’ milk. 
The only obvious effects of human milk (fresh or 
pasteurised) were that the number of infants 
colonised with Streptococcus faecalis and clostridia 
were fewer, and bifidobacteria were somewhat more 
common, than in infants fed on cows’ milk formula. 
The reduction in numbers of enterobacteria was 
considerably less than that expected in healthy 
mature breast-fed babies. 

Dr Davies was asked whether the infants received 
their own mother’s milk: she replied that most did so. 
Finally a member of the audience asked whether a 
colostrum bank was more desirable than a milk 
bank. The question was passed to Dr Gunther, who 
said that as anyone who had any experience of 
handling the thick and sticky colostrum would know 
this would be a practical impossibility. 

In the afternoon session Dr H. Burton (NIRD) 
explained the basic principles of milk pasteurisation 
and the problem of achieving an acceptable bac- 
tericidal performance with the minimum of damage 
to the milk’s nutritional quality. He recommended 
the in-bottle pasteurising process and suggested 
ways in which it might be modified to minimise 
damage to nutrients. He posed the question—What 
degree of bacteriological effectiveness do we need ?— 
and in discussion it was suggested that any bacterio- 
logically effective process might so impair the 
protective properties of the milk as to increase the 
risk of enteric infection in the recipient infant. 
Nevertheless, Dr L. A. Mabbitt expressed horror at 
the prospect that donor milk might be fed unheated 
without stringent control of its bacteriological 
quality. This would involve a large amount of 
routine bacteriological testing, but some such 
attempt to provide a grade A quality for milk for 
feeding raw to weak and premature babies might 
be practicable and it is clearly important to establish 
whether it would be beneficial. 

Dr R. L. J. Lyster (NIRD) described a study of the 
kinetics of heat denaturation of x-lactalbumin, 
lactoferrin (LF), and IgA in human milk, and 
compared the rates of denaturation of these proteins 
at graded temperatures in the range 60-70*C. He 
commented on a wide variation between different 
workers’ results for IgA and LF in heated milk. 
This he attributed partly to poor precisicn in the 
measurements, but mainly to variation in protein 
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concentration and pH between milk samples; he 
also urged the need for further work to resolve the 
discrepancies. In discussion it was pointed out that 
immunoassay values do not necessarily provide an 
accurate measure of the biological activity of the 
residual protein and that, with lactoferrin, the 
stability towards heat might be influenced by 
the degree of saturation with iron. 

Dr J. E. Ford (NIRD) spoke on the nutritional 
significance of trace nutrient binders in breast milk. 
The vitamin B12 and folate are strongly attached to 
specific ‘binder’ proteins, which are present in large 
excess throughout lactation and strongly reinforce 
the endogenous binder-protein systems in the 
infants’ intestines. This binding of the vitamins may 
promote their absorption, both directly, and in- 
directly by preventing their uptake by intestinal 
micro-organisms. Free cyanocobalamin and folic 
acid, unlike the bound forms in milk, were taken up 
avidly by several species of intestinal bacteria. 
Similarly with iron and zinc: both occur in breast 
milk in complex-bound forms that are efficiently 
absorbed from the baby’s intestine. The likely 
influence of these various binders on the ecology of 
the gut microflora and on the nutrition of the milk- 
fed infant was discussed, and the possibly detri- 
mental effect of their destruction by heat treatment 
of the milk. 

Dr B. Reiter (NIRD) presented a paper on lacto- 
peroxidase, which is present in milk and saliva and 
other external secretions and, with hydrogen peroxide 
and thiocyanate, comprises a potent antibacterial 
system of low specificity. Jn vitro all the main 
human serotypes of E. coli were susceptible, and in 
experiments with milk-fed calves the lactoperoxidase 
systems killed E. coli in theabomasum without affect- 
ing the numbers of lactobacilli. The system has been 
used experimentally to preserve bovine milk during 
storage under refrigeration and at ambient tem- 


perature, by addition of a source of H,Os, and pre- 
liminary indications suggest that it could be equally 
effective with human milk in reducing the bacterial 
load to acceptable levels, obviating the need for heat 
processing. 

In the closing paper, Dr D. B. L. McClelland 
(Royal Infirmary, Edinburgh) assessed the influence 
of the leucocytes of milk as protective agents. 
Human colostrum contains large numbers of 
leucocytes, and their functions have attracted 
interest since the suggestion of Mohr that these cells 
could play a part in transmitting active immunity to 
the neonate. A problem in studying these cells is the 
shortage of data about their type and total numbers. 
McClelland found great variability in total cel] 
numbers and a tendency for them to fall rapidly 
during the first week of lactation. The predominant 
cell is the macrophage. Lymphocytes rarely comprise 
more than 5% of the total cell population but, 
despite this, most studies of the biological role of 
milk cells have concentrated on the lymphocyte 
population. There is evidence that human maternal 
milk may transmit active immunity to tuberculo- 
protein, but this has not been shown to be related to 
the presence of viable cells. Macrophages in human 
milk phagocytose very actively, but have poor 
bactericidal activity im vitro. Although they are 
unlikely to kill bacteria within the neonatal digestive 
tract, they could possibly sequester organisms and so 
prevent colonisation of mucosal surfaces. Such a 
mechanism may explain the observation of Pitt that 
the viable leucocytes in milk protect against neonatal 
necrotising enterocolitis in rats. 

The true importance of the milk leucocytes 
remains to be shown. Until more evidence is 
available, attempts to preserve viable leucocytes 
should not influence the processing and storage 
conditions used for human milk. 


E. M. WIDDOWSON 
University of Cambridge 
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Work of breathing in very low birthweight infants 
during intermittent mandatory ventilation. A. R. 
Wilkinson, J. C. McQuitty, Mary M. Willis, and 
W. H. Tooley. Department of Pediatrics and Cardio- 
vascular Research Institute, University of Cali- 
fornia, San Francisco, USA. 


We measured mechanics of breathing in 6 very low 
birthweight infants (mean 840 g, SD + 80). All had 
required intermittent positive pressure ventilation 
from birth and had developed chronic lung disease. 
12 studies were made during recovery (24—66 days), 
when each infant was breathing spontaneously but 
required intermittent mandatory ventilation (IMV) 
(2-10 breaths/min). Respiratory flow through a 
pneumotachograph and oesophageal pressure from 
a balloon in the midoesophagus were recorded on 
to tape. Analysis was by a computer, programmed 
to calculate respiratory rate, tidal volume, lung 
compliance, and work of breathing, breath by 
breath. During periods of regular breathing there 
was a 2- to 10-fold increase in the work of breathing 
(per litre ventilation) between different head positions. 
The average work in the position of least and 
greatest work was 2280 g cm/l per min (SD + 1240) 
and 8060 g cm/l per min (SD + 2680). In some 
infants during spontaneous breathing between the 
ventilator breaths, there was a progressive increase 
in work corresponding to a decrease in compliance 
and increase in total resistance which was reversed 
by the next ventilator breath. X-rays showed that 
the endotracheal tube position changes with different 
head positions and in infants of very low birthweight 
with chronic lung disease this may result in marked 
changes in the work of breathing. 


Skin water loss in full-term babies. N. Rutter and D. 
Hull. Department of Child Health, University of 
Nottingham Medical School, Clifton Boulevard, 
Nottingham NG7 2UH. 


Cerebral function monitoring in neonatal intensive 
care. Keith L. Dodd. Paediatric Department, The 
Queen Mother's Hospital, Glasgow. 


The cerebral function monitor (CFM) is a system in 
which an EEG signal from a pair of scalp electrodes 
is filtered and compressed in order to produce a 
single trace on a slow-speed chart recorder. It has 


the advantage of producing a record which is 
relatively free from movement artefact, and is 
already used to monitor adults during cardio- 
pulmonary bypass and children with status epi- 
lepticus. Its value in neonatal intensive care has not 
previously been reported. 50 CFM records have 
been obtained from 46 babies. Control data were 
obtained from 7 mature and 4 preterm babies. 18 
mature babies with suspected or definite neuro- 
logical abnormality were monitored. 17 sick pre- 
term babies were monitored prospectively for up to 
19 days. Most were monitored using platinum needle 
electrodes, the remainder with stick-on surface 
electrodes. 

Well marked differences were noted between 
CFM traces at different gestational ages. Abnormal 
traces were apparent in severely asphyxiated mature 
babies and in those with seizures of varying aetiology. 
In preterm babies abnormal traces were associated 
with hypocalcaemia, recurrent apnoea, severe 
hypoxia, and with intraventricular haemorrhage. 
The CFM is valuable both in management and as a 
guide to prognosis, and its potential in neonatal 
intensive care merits further study. 


Reference 


Prior, P. F., Maynard, D. E., Sheaff, P. C., Simpson, B. R., 
Strunin, L., Weaver, E. J. M., and Scott, D. F. (1971). 
Monitoring cerebral function: clinical experience with 
new device for continuous recording of electrical activity 
of brain. British Medical Journal, 2, 736—738. 


Differentiation of the source of a human voice by a 
newborn baby and the effects of pethidine. Aidan 
Macfarlane. Department of Paediatrics, Oxford 
University. Sara Turner. Department of Experi- 
mental Psychology, Oxford University. 


Eight infants with a mean age of 3-88 days were 
tested in an apparatus to see whether they could 
show differentiation of head turning to a 9 second 
recording of a female voice coming from one of 
six speakers located 15° from the midline, 30° from 
the midline, and 80^ from the midline, from either 
the right or the left. The results showed that a new- 
born baby could not only make a left/right dis- 
crimination but also showed a discriminatory 
response between sounds coming from 15° from 
the midline and 80° from the midline. Pethidine 
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given to the mothers during labour had a significant 
effect on the degree of head turning by the babies 
to the sound stimulus. 


Behaviour of infants whose mothers smoke in preg- 
nancy. D. W. Saxton. Department of Child Health, 
Ninewells Hospital, Dundee. 


The Brazelton Neonatal Behavioural Assessment 
Scale was used to compare the behaviour patterns 
of infants of mothers who did or did not smoke 
during pregnancy. Smokers were mothers who had 
smoked more than 15 cigarettes per day throughout 
their pregnancy. During a pericd cf 9 months 32 
infants (15 of whose mothers smoked and 17 whose 
mothers did not) between 4 and 6 days of age were 
examined and the results compared. The two groups 
were matched for maternal age and social class. All 
infants were spontaneously delivered at term and 
of normal birthweight. Sex distribution was equal. 
Duration cf labour and analgesia during labour 
were similar for smokers and nonsmokers. Ex- 
aminations were carried out in a quiet, warm, semi- 
dark room, the examiner being unaware of which 
category the infant was in. 

There was evidence to suggest that the behavioural 
pattern of infants can be influenced by smoking in 
pregnancy, and in particular the auditory senses 
are affected. Differences were found in three items: 
decrement to bell, animate orientation (auditory), 
and consolability. 


One hundred infants: how they were fed. B. Mary 
Harrison. The Health Centre, Frome, Somerset. 


In recent years there have been several hospital- 
based surveys of breast feeding and infant feeding, 
but none has been reported from general practice. 
This is the report of a survey of infant feeding 
carried out by the author in a rural group practice. 
It was divided into three parts. 100 mothers admitted 
consecutively to the GP maternity unit were inter- 
viewed individually in the lying-in period. A 
questionnaire was completed giving attitudes to 
infant feeding, educational background, and know- 
ledge of feeding. The mothers were then interviewed 
at home 3 weeks and 3 months after delivery. 

68% of mothers did not realise that artificial milk 
formulae were prepared from cows’ milk, 58% did 
not know that there was any difference in the com- 
position cf the various brands of milk formulae. 
Fathers strongly influenced the way their children 
were fed. 56% of mothers attempted breast feeding 
of whem 23% were still breast feeding at 3 months. 
The study confirmed the findings of others as 
regards incorrect making up of feeds and inappro- 
priate volume of milk formulae. Solids were started 


earlier in bottle-fed than breast-fed babies, and it 
appeared that mothers were confused about how 
and when to introduce mixed feeding, many feeling 
they lacked supervision and advice. 

The incidence of infection in breast-fed babies by 
3 weeks and 12 weeks of age was 3-5% and 8:69; 
respectively, compared with 32-6% and 21% of 
artificially-fed children. 


Effects of early suckling on duration of breast feeding. 
E. M. Salariya and P. M. Easton. Department of 
Child Health, Ninewells Hospital, Dundee. 


111 primiparous women who had already chosen to 
breast feed were selected at antenatal clinic. All 
delivered normal healthy infants and obstetric 
factors were similar. Patients were assigned to one 
of four study groups matched for age and social 
class by selection of a coded envelope containing 
feeding instructions. Two groups had baby put to 
the breast within 10 minutes of delivery, one group 
then feeding 2-hourly and one group 4-hourly. Two 
groups initiated breast feeding 4-6 hours after 
delivery, one group feeding 2-hourly and one group 
4-hourly. 108 cases were followed up during a 14 
year period to time of weaning. Both early initiation 
and increased frequency of breast feeding extended 
the nursing period considerably, the former having 
the greater effect. In addition, increased frequency 
of feeding produced lactation at least 24 hours 
earlier than normal routine feeding. 


Infant feeding practices, parity and SIDS. J. R. 
Oakley. Clinical Coordinator, DHSS Multicentre 
Postneonatal Study, Children's Hospital, Sheffield. 


The mothers of 296 randomly selected living infants 
who had passed the age of 12 weeks were interviewed 
in their homes between 1 April 1976 and 31 October 
1977, as part of the DHSS Postneonatal Multicentre 
Study. The feeding practices of 130 primiparous 
mothers were more satisfactory than those of 166 
multiparous mothers for attempt to breast feed 
(P —0-025), number still breast feeding at 12 weeks 
(P —0:05), number introducing solids before 6 
weeks (P <0-05), and number giving overcon- 
centrated milk feeds (NS). 

Common complaints among both groups of 
mothers were inadequate feeding advice antenatally, 
unnecessary artificial milk ccmplement feeds for 
breast-fed infants and inadequate support for breast 
feeding mothers in the ‘lying-in’ hospital, and 
conflicting advice from various sources at home. 
These complaints indicate where health education 
campaigns may be successful. Primiparous mothers 
may well be more receptive to this health education 


as multiparous mothers tend to revert to former 
‘successful’ regimens. 

A comparison was made between the feeding 
practices of these ‘control’ mothers and the mothers 
of cases of SIDS who had died after the age of 12 
weeks. As a group, the SIDS mothers were more 
highly parous, but when parity was controlled, the 
feeding practices of control and SIDS mothers were 
virtually identical. 


Protocol for the analysis of the severity of symptoms 
in infants dying unexpectedly at home. A. N. Stanton. 
Princess Mary Maternity Hospital, Newcastle upon 
Tyne. J. R. Oakley. DHSS Multicentre Postneonatal 
Study, The Children’s Hospital, Sheffield S10 2TH. 

M. A. P. S. Downham. Princess Mary Maternity 
Hospital, Newcastle upon Tyne. 


Detailed histories of the last week of life have been 
obtained from the first 140 sudden unexpected home 
deaths in the DHSS Multicentre Study of Post- 
neonatal Deaths, and compared with those of age- 
matched controls. In 43% of the children who died 
no symptoms were observed, but in the remainder 
there was a wide variety of symptoms, especially 
the nonspecific markers of severe illness, such as 
excessive or altered crying, drowsiness, irritability, 
anorexia, fever, and sweating. Objective criteria have 
been used in order to judge the significance of 
individual symptoms and symptom complexes. 
Three categories of severity were defined: minor 
symptoms not indicating a need for medical con- 
sultation; symptoms meriting medical consultation; 
and symptoms requiring hospital admission what- 
ever the social and family conditions. 

The categories emphasise the importance of non- 
specific markers of severe illnesses such as meningitis 
and septicaemia, and that these markers commonly 
herald the deterioration of infants with respiratory 
and gastrointestinal illnesses. Definition of these 
categories may be one way of preventing some post- 
neonatal deaths, by providing guidelines for parents 
and primary care doctors and nurses. It may also 
facilitate comparisons between different studies of 
unexpected home deaths. 


An argument and method for ‘positive discrimination’ 
in the provisions of child health services within an 
urban area. M. Downham, T. Moss, and E. White. 
Department of Child Health, University of 
Newcastle upon Tyne. 


Blood volume in infants with severe malaria and 
anaemia. D. Stratton. Department of Child Health, 
Southmead Hospital, Bristol. 
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Human leucocyte antigens in the steroid-responsive 
nephrotic syndrome of childhood: a follow-up study. 
R. S. Trompeter, T. M. Barratt, and J. F. Soothill. 
Department of Immunology, Institute of Child 
Health, London. 


An increased incidence of the second series human 
leucocyte antigen B12 in the steroid-responsive 
nephrotic syndrome of childhocd was previously 
reported by us (Thomson et al., 1976). In order to 
confirm this association we specifically determined 
the incidence of HLABI2 in a further 45 nephrotic 
children. The incidence in this second group was 
44%, higher than the reported incidence of 24% in 
British blood donors (y? = 8-0, P <0-005). 

In the first series an association was observed 
between HLABI2 and atopy on questionnaire, skin 
prick-testing, total IgE and IgE antibody; these 
associations were not observed in the second series 
of patients. 

In the earlier study an impression was gained' that 
nephrotic children treated with cyclophosphamice 
fared worse if they had the B12 antigen. In order 
to confirm this observation we recalled 72 out of 81 
nephrotic children treated with cyclophosphamide 
who had a follow-up of at least 3 years. There was 
an increased incidence of relapse during the 3 years 
after cyclophosphamide in the group with HLABI2. 








HLABI2 Relapse Remission 
+32 23 (72%) 9 
—40 15 (37-5%) 25 





P —0-01 Exact test. 
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Thomson, P. D., Barratt, T. M., Stokes, C. R., Turner, 
M. W., and Soothill, J. F. (1976). HLA antigens and 
atopic features in steroid-responsive nephrotic syndrome 
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Cell-mediated immunity to a liver specific antigen in 
patients with cystic fibrosis and liver disease. G. 
Mieli, A. Nicholson, H. T. Pscharopoulos, A.W. L. F. 
Eddleston, and A. P. Mowat. Department of Child 
Health and Liver Unit, King's College Hospital, 
Denmark Hill, London. 


1075 of adolescents with cystic fibrosis (CF) have 
clinically significant liver disease. The pathogenesis 
of this is unknown. We have studied the cell- 
mediated immune response to liver antigen in 
patients with and without liver disease. Inhibition 
of leucocyte migration (indices of — 0-8) by purified 
liver specific lipoprotein (LSP) derived from hepa- 
tocyte plasma membrane, was shown in 9 of 10 
children with CF and liver disease, and in 1 of 11 
children with CF and no overt liver disease 
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(P <0-005). 12 normal children all had indices 
of >0°8. 

Lymphocyte cytotoxicity to isolated rabbit hepa- 
tocytes was positive in 9 of 12 children with CF and 
liver disease, and in 3 of 17 cases of CF without 
liver disease (P <0-001). Lymphocytes from 14 
normal children were not cytotoxic. Experiments 
using subpopulations of lymphocytes showed that 
cytotoxicity is mediated by a non-T cell population. 
The reaction could be blocked with LSP in 5 of 7 
cases. These observations imply that the reaction is 
specifically directed against LSP. 

The study demonstrates an association between 
immune response to liver antigens with the presence 
of clinically evident liver disease in patients with 
CF. 


Relationship between acetate metabolism and organic 
acid transport in mature and developing kidneys. 
J. T. Brocklebank. University of Leeds. B. R. Cole 
and A. M. Robson. Washington University, St 
Louis, USA. 


This study was designed to investigate the mechanisms 
responsible for the well described reduction in 
organic acid transport by the kidneys of developing 
animals. The slice to medium ration (S/M) of 
P-amino hippuric acid (PAH) in adult rabbit kidney 
slices was 8-1, and in fetal tissue 3:7. The addition 
of acetate to the incubating medium increased the 
S/M:PAH ratio 100-fold in adult kidneys but had 
little effect on fetal tissue. An increasing effect of 
acetate was observed during the first 6 weeks of life. 
The uptake and metabolism of acetate by kidney 
tissue was then examined using C14-labelled acetate. 
After 60 minutes incubation the total entry of ace- 
tate into mature and immature kidney slices was 
similar. 60% of the 1-C14 acetate entering the cell 
was metabolised to CO, by adult slices, compared 
with only 30% in fetal animals. Values for 2-C14 
acetate were 40% and 20%. 

These studies show that acetate is transported 
into cells by a mechanism different from that of 
PAH. They also confirm the ability of the developing 
kidney to transport PAH is poorly developed at 
birth, and this immaturity is associated with a 
reduced metabolic rate of acetate. The maturation of 
PAH transport and acetate metabolism both 
increase during the first 6 weeks of life. The reduced 
ability of the developing kidneys to metabolise 
acetate may be due either to its inadequate entry 
into the mitochondria or to immature enzyme 
systems. These studies do not permit confirmation 
of the proposed mechanism by which acetate stimu- 
lates PAH uptake (Schachter et al., 1955), but 
suggest it may be due, at least in part, to mito- 


chondrial immaturity, and acetate may be an 
important energy source for organic acid transport. 


Reference 


Schachter, D., Manis, J. G., and Taggart, J. V. (1955). Renal 
synthesis, degradation, and active transport of aliphatic 
acyl amino-acids: reiationship to PAH transport. Ameri- 
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Individualisation of anticonvulsant medication: a 
new approach with carbamazepine. George Rylance, 
T. A. Moreland, and G. M. Butcher. Department of 
Child Health, Ninewells Hospital, Dundee. 


Little information on the pharmacokinetics of 
carbamazepine and other anticonvulsant drugs in 
children is available, and dose frequency is usually 
based on data obtained in adults. We have used 
saliva carbamazepine levels, which show a good 
correlation with plasma levels, to investigate the 
dose frequency requirement for this drug in children. 
Mixed saliva was collected from 6 children (aged 
6-14 years) in a steady state, on each of two or 
three different dose frequency schedules of once to 
thrice daily administration with a constant total 
daily dose. Samples were collected at hourly intervals 
for 2 days, from 0900-2300 hours on day 1 and 
0600-0900 hours on day 2 and assayed by GLC. 

The saliva carbamazepine half-life in 2 children 
on once daily dosage was 7:3 and 12-7 hours. The 
daily fluctuation of saliva drug level was inversely 
related to dose frequency and well defined side 
effects occurred at the peak levels on once daily 
administration. In addition, there were marked 
interindividual differences in drug levels in children 
on the same regimen. The profiles and differences 
will be demonstrated. 

Saliva drug levels provide an effective and 
convenient means of tailoring individual dosage. 


A modified one-hour D-xylose test for use in the 
neonatal period. D. A. Ducker, C. A. Hughes, 
I. Warren, and A. S. McNeish. Department of 
Child Health, University of Leicester, and Special 
Care Baby Unit, Royal Infirmary Maternity 
Hospital, Leicester. 


As there are few tests of gut function for use in 
the neonatal period we have modified the one hour 
p-xylose absorption test for that age group. All 
infants received 0:5 g/kg p-xylose as a 10% 
solution one hour before the next feed. One hour 
later 0:2 ml capillary blood was taken for p-xylose 
analyses. 

Term infants (n — 30) of appropriate size for 
gestational age were divided into two groups. Group 
1 (n = 18) received p-xylose by dinky feeder and 
group 2 (n — 12) by nasoduodenal tube. In addition 


a group of light-for-dates infants (n = 12) were 
studied by nasoduodenal instillation. 

One-hour blood p-xy!ose was less in group 1 
(14-7--SD 6:7 mg/100 ml) but the range was 
greater (6:3-25) compared with group 2 (21:92-3:5 
mg/100 ml range = 18:8-30-2). Serial studies 
indicate that the absorption of D-xylose increases 
with age in the first three weeks of life. In the light- 
for-dates infants p-xylose absorption was decreased 
(P —0-001) compared with appropriately grown 
infants. 

Using the conventional oral route there was a 
wide range of results, whereas nasoduodenal 
instillation of p-xylose gave more constant results. 
The one-hour blood p-xylose test using the naso- 
duodenal route thus is useful in studying neonatal 
gut function. 


Studies on the mechanism of action of Diodoquin in 
patients with acrodermatitis enteropathica. P. J. 
Aggett, H. T. Delves, and J. T. Harries. The 
Hospital for Sick Children, Great Ormond Street, 
and Institute of Child Health, Guilford Street, 
London. 


Acrodermatitis enteropathica (AE) was invariably a 
fatal disease until it was discovered that 5, 7-diiodo- 
8-hydroxyquinoline (Diodoquin) induced a rapid 
and complete remission in affected patients. Sub- 
sequently it was demonstrated that oral zinc therapy 
was equally effective. We have shown that the 
intestine is in a net secretory state with respect to 
Zn** in AE, and that this can be reversed to net 
absorption by Diodoquin or Zn* *. 

The mechanism by which Diodoquin enhances 
Zn** absorption was studied, using liposome 
membranes. The membranes were prepared so as 
to contain specific molar ratios of cholesterol, 
phosphatidyl choline, and phosphatidic acid. Dio- 
doquin was shown to increase membrane perme- 
ability to Zn* *, as well as to other divalent cations. 
This effect was selective as judged by sucrose perme- 
ability studies. In addition, the effect of Diodoquin 
on Zn** translocation exhibited a distinct pH 
dependence. We suggest that Diodoquin acts as a 
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divalent ionophore in enhancing Zn** absorption 
from the intestinal tract. 


Metabolic, endocrine and immunohistochemical 
studies in newborn infants with nesidioblastosis of the 
pancreas. A. Aynsley-Green, J. M. Polak, and J. 
Keeling. University Department of Paediatrics, and 
Department of Pathology, John Radcliffe Hospital, 
Oxford, and Department of Histochemistry, Ham- 
mersmith Hospital, London. 


Growth in Diabetics. S. Court. Nottingham Child- 
ren’s Hospital. 


Growth retardation in juvenile diabetics has been 
widely documented. The following have been 
regarded as important in the explanation of this 
phenomenon: diabetic control, duration of diabetes, 
genetic factors, social status. 

134 patients were studied. All had diabetes before 
puberty, had had diabetes for more than 2 years, 
and at the time of the study were 20 years of age or 
less. They were grouped according to puberty 
status: I. Prepubertal (40M 14F); II. Interpubertal 
(21M 31F); III. Postpubertal (8M 15F). In addition, 
5 patients with thyroid disease were identified. 

Growth was defined in terms of change in height 
SD score, according to Tanner and Whitehouse. 
Diabetic control was scored using retrospective data 
from patients’ own records together with 24-hour 
urinary glucose excretion. Combining the three 
groups, there was a significant relationship between 
growth and control. In addition, using a defined 
social score, control data, duration of diabetes, and 
the presence of hepatomegaly as adverse factors, it 
was possible to identify those children who grew 
poorly. Several factors are involved in growth 
retardation, particularly when in combination, the 
relative importance of each varying with the 
individual. 


Is childhood asthma being underdiagnosed and under- 
treated? A. N. P. Speight. Newcastle General 
Hospital. 
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Indications for cystourethrography 
in children with recurrent urinary 
infection 


Sir, 

While fully agreeing with Shah et al. (Archives, 1978, 53, 
210) that cystourethrography (CUG) is indicated in all 
children with recurrent urinary tract infection, it is less 
easy to accept that this should be done in all cases 
presenting under age 5. In their case reports, 3 children 
presented at 5 years or under. In all these other factors 
would have led me to request CUG: 


Case 11 Clinic attendances were irregular and there were 
recurrent infections. 


Case 12 Was treated with continuous chemotherapy, 
which would have been the treatment of choice even if 
the reflux had been seen initially. One presumes there 
were no infections during these 2 years. 


Case 14 This was the most disturbing case, but there was 
a minor abnormality on the IVU and some failure to 
thrive, both of which should have led to CUG. 

Thus while I agree that one should have a high index 
of suspicion in the case presenting under the age of 5, I 
feel that this paper, and others I have read, does not 
present a convincing case for routine use of this difficult 
and unpleasant examination in these children, provided 
regular and conscientious follow-up, including the use of 
dip slide urine testing at home, is possible. 


C. A. PORTER 
Kent and Canterbury Hospital, 
Canterbury, Kent CT] 3NG 


Dr Shah and co-authors comment: 


The purpose of our case reports was to illustrate the 
reputedly rare development of new renal scars and not 
primarily to make a case for performing CUG routinely 
under 5 years of age. Nevertheless, it is a fact that 2 out 
of the 3 children less than 5 years old at presentation 
(Cases 12 and 13, not 11 as stated by Dr Porter) had 
completely normal IVUs in spite of grade III reflux. He 
must surely agree that the progression from a normal IVU 
to chronic renal failure in Case 13, in only 4 years, was 
both devastating and unexpected. Had this girl had a 
CUG performed initially, the outcome might have been 
more favourable. 

Since most reinfections occur within a few weeks or 
months of discontinuing initial treatment of urinary 
tract infection, we agree that it is acceptable to defer CUG 
until first relapse, even under 5 years of age, provided 
that the urine is regularly cultured and that the IVU is 


completely normal. At this hospital, radiologists, 
nephrologists, and urologists meet weekly to review 
clinical records and x-rays of our own and referred 
patients and, not infrequently, we spot minor abnor- 
malities which have been overlooked elsewhere. 

However, clinical practice tends to be influenced by 
such variables as special interest and pressure of Work, 
and we are unsure that the standards at which we and 
Dr Porter aim, are universally attainable. In less than 
perfect circumstances we believe that the risk that 
potentially damaging reflux, together with asymptomatic 
bacteriuria, may remain undetected for long periods 
probably outweighs the psychological disadvantages of 
the CUG examination. 

Dr Porter refers to CUG as being difficult and un- 
pleasant. As a regional referral centre we perform approxi- 
mately 300 CUGs annually and rarely experience either 
technical difficulty or a severely disturbed child. This is 
largely attributable to skill and experience as well 
as to the sympathetic approach of nurses, radiographers, 
and others who devote their whole professional lives to 
the needs of children alone. 


K. J. SHAH and R. H. R. WHITE 

The Children's Hospital, Ladywood Middlewa y, 
Ladywood, Birmingham B16 8ET 

D. G. ROBINS 

St Luke’s Hospital, Warren Road, 

Guildford, Surrey GUI 3NT 


Effect of heat on antimicrobial 
proteins in human milk 


Sir, 

The interesting paper by Evans et al. (Archives, 1978, 53, 
239) concludes that for human milk pasteurisation should 
be at 62°C for 30 min, but that no commercial apparatus 
for this purpose is available in the United Kingdom. 

In our study on human milk pasteurisation we des- 
cribed apparatus specifically designed for the accurate 
and uniform heat treatment of small volumes of human 
milk (Gibbs et al., 1977). This apparatus is available 
from Vickers Limited, Medical Engineering, Priestley 
Road, Basingstoke, Hants. 

J. D. BAUM 

Department of Paediatrics, 

John Radcliffe Hospital, 
Headington, Oxford OX3 9EDU 
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Prevalence of lactose intolerance in 
children with recurrent abdominal 
pain 


Sir, 

As there is a great similarity between the symptoms of 
patients with lactose intolerance and those of children 
with recurrent abdominal pain, and as in many parts of 
the world lactose intolerance is one of the most common 
causes of diarrhoea, meteorism, and abdominal pain in 
children who are milk drinkers, I compared the pre- 
valence of lactose intolerance in Danish children in whom 
the diagnosis of psychosomatic abdominal pain had been 
made with children without abdominal pain. Tolerance 
tests after oral lactose (2 g/kg body weight) were per- 
formed with parental consent on 50 children (22 girls 
and 28 boys, mean age 9-5 years) with recurrent abdo- 
minal pain and on 40 children (17 girls and 23 boys, mean 
age 9-6 years) without such pain. The diagnosis of lactose 
intolerance was accepted if abdominal pain and/or 
diarrhoea developed in association with the test. One of 
the 50 children fulfilled these criteria for lactose intol- 
erance (95% confidence limits: 0-05-10-65), while none 
of the controls did (95% confidence limits: 0-00-8-81) 
(Table). 

These criteria cannot be used with complete confidence 
to diagnose lactose intolerance because an insufficient rise 
in blood glucose after the lactose load given by mouth 
may occur in some of the children merely because of a 
delayed emptying of the stomach. Moreover, some of the 
children may develop their usual stomach ache solely 
because of the circumstances of the examination. In 
consequence, lactose intolerance may be diagnosed too 
often by these criteria. It is very unlikely, however, that 
cases of lactose intolerance would not be discovered. 
Lactose intolerance is not significantly increased in 
children with recurrent abdominal pain, and it is low in 
Danish children. 


MOGENS FJORD CHRISTENSEN 
Department of Paediatrics, 
Herning Central Hospital, 
DK-7400 Herning, Denmark 


Table Results of lactose tolerance tests in patients 
and controls 





Recurrent abdominal pain 
Children with Children without 


Total 50 40 


Rise in blood glucose 

— 20 mg/100 ml 5 5 
Abdominal pain 

and/or loose stools 11 3 


Rise in blood glucose 
<20 mg/100 ml+ abdominal pain 
and/or loose stools 1 0 
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Ocular compression in reflex 
anoxic seizures 


Sir, 
Since the publication of my paper (Archives, 53, 1978, 
193), colleagues have asked me two questions. 

(1) Does ocular compression invariably induce instan- 
taneous stoppage of the heart? This appeared to be the 
case in Fig. 9. It is true that in very susceptible children, 
the onset of asystole is common almost immediately after 
the start of ocular compression. Thus, out of the current 
total of 41 anoxic seizures induced in the supine position, 
in which asystole was 10 seconds or more, the onset was 
delayed by no more than 1 systole in 25 (6395) and by 2 
systoles or less in 36 (88%). However, in less susceptible 
children the maximum period of asystole may occur at 
any time during the 10-second period of ocular 
compression. 

(2) Why does this period of ocular compression have 
to be continued as a routine for up to 10 seconds? A most 
important reason is that the induction of a visible anoxic 
seizure has a most dramatic therapeutic effect on the 
family member (commonly the mother) who is there to 
witness it. ‘I wish this test was done on all *'epileptic"' 
children’, said one relieved mother recently. ‘I have 
been nursing patients in mental hospitals for years and 
would not have known this was not a grand mal unless I 
had seen it happen with my own eyes'. Apart from the 
joy of positively knowing that the child does not have 
epilepsy, another therapeutic feature is the demonstration 
to the mother that the child's heart has already restarted 
by the time the seizure is at its worst. Not only parents, 
but referring doctors need to be convinced, and the more 
asystole the greater the impact. 

Finally, as one does not wish to frighten the child by 
several attempts of increasing duration (not knowing 
whether very brief ocular compression will lead to a 
sufficiently persistent asystole to be of diagnostic value), 
it seems kindest to restrict the test to a single standard- 
ised 10-second compression. This we have now done 
without regret on more than a thousand occasions. 


J. B. P. STEPHENSON 
Royal Hospital for Sick Children, 
Yorkhill, Glasgow G3 8SJ 


Hepatic dysfunction and 
dysgammaglobulinaemia in 
Shwachman-Diamond syndrome 


Sir, 
In the paper by Brueton et al. (Archives, 1977, 52, 76) it is 
pointed out that hepatic involvement should be regarded 
as a feature of Shwachman-Diamond syndrome (SDS). 
We should like to report an additional case of liver 
dysfunction in a patient with pancreatic achylia, dys- 
gammaglobulinaemia, and metaphyseal dysostoses. 

The patient was referred to our clinic from the welfare 
centre at age 10 months because of failure to thrive. He 
was fully breast fed up to 6 months and partly to 8 
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months. Physical examination revealed an underweight 
infant (7000 g) with somewhat distended abdomen. Bone 
age was 3 months +5 months. His stools were gross and 
frequent but he had no diarrhoea. Antibodies to gluten 
but not to milk or reticulin were detected. Milk anti- 
bodies appeared later in serum. IgG and IgA were normal 
for age, but IgM was zero and no IgM was detected on 
immunoelectrophoresis. Chest x-ray showed expansion 
of the anterior ends of the ribs. Steatorrhoea was heavy 
(89-2 mmol fat/24 hours). No parasites were found in 
faeces or duodenal juice. Small bowel biopsy revealed 
normal mucosa. Sweat electrolytes were repeatedly 
normal. The diagnosis of SDS was confirmed by the 
absence of trypsin activity in faeces, and by estimation of 
trypsin in duodenal juice, where it was almost absent 
even after stimulation. Bone x-rays were performed at 
age 15 months and dysostoses were noted in proximal 
femoral metaphyses. Liver enzymes showed elevated 
levels of aspartate aminotransferase (236 U/l) and 
alanine aminotransferase (429 U/l). He had no history of 
jaundice and no liver disease could be detected. 

Now, at age 17 months the boy is slowly gaining weight 
(9130 g). He still has elevated liver enzymes (ASAT 190 
U/l and ALAT 236 U/l); immunoglobulin IgG 6-8 g/l, 
IgA 0-3 g/l, and IgM 0-1 g/l. Neutrophil count was 
1-3 x 10?/l, the lowest value observed. 

The findings in this patient show the broad spectrum 
of SDS. The hepatic involvement caused some confusion 
until we read the report of Brueton et al. (1977). Although 
liver biopsy was not done in our patient, we believe that 
hepatic dysfunction is part of this syndrome. The dys- 
gammaglobulinaemias previously described have often 
involved the reduction of IgA but less often low levels of 
IgG or IgM (Brueton et al., 1977). Our patient has shown 
at various times normal levels of IgG (6-0-10-0 g/l) 
and IgA (0-3-1-1 g/l), but IgM seems to be constantly 


reduced. So far he has suffered from prolonged respiratory 
infection and otitis media. Selective IgM deficiency has 
been reported in association with several diseases (R oss 
and Thompson, 1976), and SDS is joining the list. 


M. MAKI, AIRA SORTO, 

O. HALLSTROM and J. K. VISAKORPI 

Departments of Pediatrics and Central Laboratory, 
Tampere Central Hospital, Tampere, and 

Institute of Clinical Sciences, University of Tampere, 
Tampere, Finland 
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Dr Brueton comments: 


We were interested to hear of a further child with liver 

dysfunction in association with this syndrome. We 

should like to draw attention to a review of 20 patients 

presented by Aggett ef al. at the British Paediatric 

Association meeting in March 1977 (Archives, 1977, 52, 

815). Serum transaminase levels were increased in 17 of 

these children and liver biopsies in 6 showed nonspecific 
fatty changes and mild fibrosis. 

M. J. BRUETON 

The Children's Hospital, 

Ladywood Middleway, 

Ladywood, Birmingham B16 8ET 
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ragile Families, Troubled Children. The 
aftermath of Infant Trauma. By Elizabeth 
lmer. (Pp. 160; tables. £7.95 hardback.) 
Jniversity of Pittsburgh Press: Pittsburgh. 
7978. 


was becoming rather fed-up with the 
ood of books detailing theories, re- 
searches, or symposia on battered and 
bused children. This one makes a change, 
nd is stimulating, if only because its 
wonclusions are so much at variance with 
lie others. 

Doubts have recently been expressed on 
whether the underlying attitudes of 
»attering parents can be changed. Perhaps 
he ultimate test of the effectiveness of 
nedical intervention would be the study 
Xf how individuals, who have themselves 
yeen battered early in life, in their turn 
»ehave and feel towards their own children. 
Standards for comparison are necessary, 
and this too entails continuing observa- 
ion. How could one avoid the problems 
(Xf observer-altered experiments? How 
:ould one refrain from intervening in a 
>ontrol series ? Indeed, is it really possible 
:0 obtain a truly matched control series? 

An American social worker and her co- 
workers have now reported what is 
slaimed to be the first controlled, long- 
erm follow-up study of child abuse; and 
khey plan to follow the children into adult 
life. Traumatised infants were divided 
in 2 groups, according to their assess- 
ment as deliberately or accidentally 
injured. Eight years later some of these 
judged to have been abused were matched 
against others classed as accidentally 
injured. At this later stage, too, an 
additional group of uninjured children 
was brought in as a further control. 

It is generally accepted that child abuse 
can harm not only physical but intellectual 
emotional, and social development. The 
author here concludes that the abuse of 
children made no appreciable difference 
to the comprehensive development of her 
cases. The decisive factor, it is claimed, 
is low social class, associated with poverty. 
It is, of course, nothing new to affirm that 
poverty reinforces and perpetuates itself 
from one generation to another, and long 
ago Bernard Shaw put it neatly: *Poverty 
is the most chronic disease of the poor’. 
But the absence from this study of 


evidence incriminating battering and ill- 
treatment in developmental impairment 
is so surprising—as the author candidly 
admits—that one looks suspiciously at the 
controls. 

The crux, surely, is this. Poverty can 
certainly impair the development of 
children; but it seems to me that poverty 
plus abuse would impair it even more, and 
the differences should be assessable. In 
the present study the investigators went to 
considerable lengths to safeguard and 
validate their basic data, but sophisticated 
statisticians are likely to detect flaws (they 
usually do!). I mention only one of the 
items that disquiet me. Five families, 
originally classified under the category of 
accidental injury, were later transferred to 
the other category, abuse. I would go 
further. The entire accident group, to my 
eye, looks suspect. Some among them 
may well have been injured deliberately ; 
but, in any event, the disturbed emotional 
climate in families whose children suffer 
accidents (as distinct from abuse) can 
itself influence their development ad- 
versely. 

Although I am reluctant to accept the 
author's conclusions, I find the book well 
written and deserving of serious attention. 
I know from my own experience that, for 
those involved with battered babies, the 
passion may be more persuasive than the 
statistics. 

J. APLEY 


Towards the Prevention of Fetal Malfor- 
mation. Edited by J. B. Scrimgeour. (Pp. 
301; illustrated + tables. £12.) Edinburgh 
University Press: Edinburgh. 1978. 


When your reviewer first gave a lecture on 
the prevention of fetal malformations, a 
search of the world literature revealed just 
one scientific paper in German and one 
unscientific paper in Reader's Digest. 
Since then the subject has burgeoned, and 
it is a pleasure to commend this latest 
book, based on a symposium held in 
March 1977. The 22 papers are by workers 
of international repute, and each paper is 
concise and readable. They cover not only 
the aetiology and prenatal diagnosis of 
fetal malformation, but also the manage- 
ment of pregnancy termination, cost 
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effectiveness (without which no modern 
symposium feels complete), and the legal 
and administrative consequences of ante- 
natal screening. 

The production is excellent, and 300 
pages of distilled wisdom between hard 
covers for £12 is tremendous value. Only 
one black mark can be awarded, for the 
worst-designed dust jacket of the year, 
but that is easily removed. This book is 
mandatory for the perinatal section of 
every medical library, and strongly 
advised for the personal bookshelves of 
paediatricians and obstetricians. 


R. W. SMITHELLS 


Treatment of Haemophilia A and B and 
von Willebrand's Disease. Edited by 
Rosemary Biggs. (Pp. 242; illustrated + 
tables. £12.00 hardback.) Blackwell: 
Oxford. 1978. 


Treatment of Haemophilia and Other 
Coagulation Disorders was published in 
1966 and described in detail the experience 
of the Oxford Haemophilia Centre. This 
book is its natural successor and has been 
written as an authoritative guide for 
haematologists, physicians, and surgeons 
who care for the haemophilic patient, and 
even, perhaps, the editor intimates, for 
the patient himself—although no book in 
that context could surely rival Peter 
Jones’s monograph. Topics covered are: 
the theory of haemostasis, the factor VIII 
molecule, clinical and laboratory diag- 
nosis, availability and use of therapeutic 
materials, home treatment, and many 
social and economic topics related to the 
haemophiliac and society. The tone of the 
book is extremely didactic but this is per- 
missible in view of the authors’ unrivalled 
experience and each chapter is lavishly 
interspersed with tables and graphs 
drawn from that experience. 

A comparison of the book with its 
predecessor shows the welcome changes 
that have taken place in management of 
haemophilia during the last 12 years— 
the most important of which, from the 
patients’ point of view, must surely be the 
advent of home treatment. The comments 
of patients and parents provide the most 
compelling illustration of its benefit. 
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I was surprised that the chapter on 
orthopaedic management has disappeared; 
this is presumably because of the wide- 
spread acceptance of the prime importance 
of early replacement therapy as the main- 
stay of management, and also because the 
Oxford group has published a book about 
musculoskeletal problems. I think this 
omission is a mistake. Small haemophilia 
centres, whose disadvantages are discussed 
in great detail, may not have access to the 
companion volume. Surely it is too early 
to assume that the present generation of 
haemophiliacs will be orthopaedically 
normal, and home treatment must be 
accompanied by a programme of regular 
orthopaedic assessment. 

Nevertheless, this book is clearly 
indispensable to all concerned in diagnosis 
and management of haemophilia. I just 
wish the role of all the authors had been 
identified; I recognised several distin- 
guished authors by name but it would be 
nice to know precisely what part each 
contributor has played in this unique 
team. 

JUDITH CHESSELLS 


Treatment of Cerebral Palsy and Motor 
Delay. By Sophie Levitt. (Pp. 269: 
illustrated + tables. £11.75 paperback.) 
Blackwell: Oxford. 1977. 


The book has chapters on the general 
principles of treatment and its organisa- 
tion, an outline of different treatment 
approaches and their synthesis, assess- 
ment for treatment, treatment procedures, 
therapy in groups, the problems of 
deformity and a (much too brief) chapter 
on equipment. There is a good index and a 
reasonable list of references which happily 
do not interrupt the text. It is copiously 
illustrated, although some of the line 
drawings are not as explicit as they are 
attractive. The book concentrates on the 
details of treatment and, as such, it is 
written primarily for those who treat 
rather than for those who prescribe 
treatment; but a cursory understanding of 
those techniques would be of benefit to 
all who work in this field. 


In criticising a book of this scope, it 
would be easy for a reviewer to be 
destructive and comment on omissions 
and inadequacies; but the author, whose 
knowledge of the treatment of these 
disorders is a byword, has taken on a task 
which has daunted others. She deserves 
praise for a book which will become a 
classic against which other books on this 
subject will be judged. 


DAVID SCRUTTON 


Shorter notices 


The Year Book of Pediatrics. Edited by 
S. S. Gellis. (Pp. 394; illustrated + tables. 
£18.00 hardback.) YB Medical Publishers: 
London. 1978. 


This follows the familiar and excellent 
form of its predecessors. Well written and 
informative abstracts of well-chosen 
papers from the 1976-77 literature, 
including many from nonpaediatric jour- 
nals. Often followed by characteristically 
witty and pithy comments from the editor, 
or by longer critical reviews. Well indexed, 
entertaining, and instructive to browse 
through; invaluable for reference. 


Brain Dysfunction in Infantile Febrile 
Convulsions. International Brain Research 
Organisation Monograph Series, Vol. 2. 
Edited by M. A. B. Brazier and F. 
Coceani. (Pp. 384; illustrated + tables. 
US $36.00.) Raven: New York. 1977. 


Proceedings of a 1975 symposium in 
Toronto. About two-thirds of the book is 
concerned with basic sciences, largely 
mechanisms and pathogenesis of fever, 
although there is some neuroanatomy and 
neurophysiology. The other third deals 
with clinical aspects of febrile convulsions 
—sequelae and prophylaxis. Most of the 
work reviewed by Ounsted, Aicardie and 
Chevrie, Wallace, Falconer, and Lennox- 
Buchthal has been published before. The 
work of Nelson and Ellenberg suggesting 


a very benign outcome in a large popul: 
tion study of febrile convulsions wz 
presumably not available to the symp 
sium. The interested clinician will find th 
first two-thirds of the book hard work an 
the last third to contain disappointingl 
little that is new. 


Clinical Pediatric Oncology. 2nd editior 
Edited by W. W. Sutow, T. J. Viett 
and D. J. Fernbach. (Pp. 751; illustrates 
+ tables. £35.05.) Kimpton: Londor: 
1977. 


The first edition was reviewed in 197 
(p. 588) as ‘most impressive’ and enthusi 
astically recommended. This second editio: 
incorporates the important advances i 

treating lymphomas and leu aemi 

Wilms's tumour, osteosarcoma, and rhab: 
domyosarcoma. 


Intrauterine Asphyxia and the Developing. 
Fetal Brain. Edited by Louis Gluck 
(Pp. 507; illustrated + tables. £30.75. 
Y B Medical Publishers: London. 1977. 


A very large amount of both experimenta 

and clinical work, much of it of the 
highest class, is described, the book's title 
hardly indicating the width of the subject 
matter discussed. Copiously illustrated, 
and well indexed. But why is it impossible 
to discover when the symposium took 
place which the book reports? 


E s 


Neonatal-Perinatal Medicine. Diseases of 
the Fetus and Infant. 2nd edition. Edited 
by Richard E. Behrman. (Pp. 1010; 
illustrated + tables. £39.00.) Kimpton: 
London. 1977. 


The first edition was reviewed in 1974 (p. 
973); it provides perhaps the most 
complete coverage of perinatology of any 
of the many books published in the past 
few years in this field. Yet some dis- 
appointing gaps in the first edition noted 
by the reviewer—such as the physical 
examination of the newborn, and in 
genetic counselling— persist. 
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This practical book will eliminate a large amount of 
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saving time, energy and money, as well as sparing the 
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contained and deals with a particular aspect of 
paediatric endocrinology. The chapters begin with a 


section on physiology and then give recommen- 
dations for investigation and treatment, discussing 
also the pathology of the condition. 


Contents 
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Annotations 


Solute and calorie loading 
long-term effects 


The short report on page 749 *Growth and Milk 
Intake of Normal Infants' by Evans once again raises 
the question of the short- and long-term effects of 
different forms of milk intake in early infancy. In 
the early 1970s attention was drawn to the conse- 
quences of high-solute milk feeding in early life, 
with the focus on two particular issues. (1) Did 
high solute feeding and its possible associated high 
calorie intake lead to excessive weight gain in early 
infancy and did this in turn result in subsequent 
obesity? (2) What was the effect of high-solute 
intake on the incidence of hypertonic dehydration ? 


Salt and solute 


The normal salt and solute intake of a breast-fed 
baby is low. Breast milk on average contains about 
7 mmol sodium/litre milk. By contrast, cows’ milk 
contains 26 mmol sodium/litre.! Because breast milk 
and cows' milk have the same caloric composition, 
it is inevitable that an infant fed cows' milk will take 
approximately 4 times as much sodium as an infant 
fed breast milk if an adequate caloric intake is 
maintained. The sodium intake of the average 
artificially-fed infant in Britain has thus been con- 
siderably higher than that of breast-fed babies or 
babies fed modified milk formulae. 
**The exclusive breast-fed infant has a daily salt 
intake of about 1 mmol/kg. This contrasts with the 
salt intake of artificially-fed babies which is about 
5 mmol/kg. Infants who are exclusively breast fed 
increase their salt intake from 2-6 mmol/day to 
6-5 mmol/day. Artificially-fed babies who are given 
solids in increasing amounts during infancy have 
a sodium intake rising from 9 to 60 mmol/day. The 
difference between breast-fed babies given solids and 
bottle-fed babies is much smaller because of the high 
salt content in the solids.? While the sodium intake 
of babies fed solids may exceed requirement by a 
factor of 12 or more, provided water intake is 
adequate, there is no difficulty in its elimination and 
the maximum recorded salt intake is within the 
safety range. 

Sodium contributes only a small fraction of the 
osmolar load of the diet particularly when breast 
milk or modified formula is the main component. 


in young infants: short- and 


Undigested milk preparations have osmolalities in 
the region of 300 mmol/kg.? These values have little 
meaning in terms of true solute load, as the main 
component of this osmolality is lactose which when 
hydrolysed to glucose and galactose is absorbed, and 
when metabolised is converted to carbon dioxide and 
water which add nothing to the solute load. The 
significant osmolar load from milk comes from its 
sodium and other electrolytes including calcium and 
phosphorus, reduced approximately by that propor- 
tion which becomes part of the increasing body mass 
of the rapidly growing child; and from those amino- 
acids which are not incorporated into growing tissue 
and are deaminated releasing ammonia, and in the 
cases of cystine and methionine, sulphuric acid. 
Ammonia is converted to urea. To this must be 
added the small amount of creatinine, uric acid, and 
other waste products produced daily. 

The addition of solids to the diet may complicate 
osmolar balance: (1) By increasing the overall solute 
load. (2) By reducing water intake as a result of the 
increased caloric density of food ingested. 

There appear to be good physiological reasons for 
the low solute load of breast milk. Sodium excretion 
capacity matures more slowly than glomerular 
filtration rate and does not attain adult levels until 
into the second year.^ There is thus a tendency for 
sodium retention to occur throughout infancy, 
despite the fact that babies can be induced to con- 
centrate urine to very high osmolalities.® 

Babies fed cows' milk formula are more likely to 
develop hypernatraemia than breast-fed babies.9 An 
association between hypertonic dehydration and 
incorrect preparation of formulae has been 
demonstrated? and it has been suggested that there 
may be a relationship between hypertonic dehydra- 
tion, overconcentrated feeds, and cot deaths, as a 
result of observations that in half of babies dying 
unexpectedly the sodium concentration of the 
vitreous humour was raised.? 


Control of intake 
The factors which determine the level of intake of 


food may be extrinsic to the character of the food 
itself. The degree of physical activity and, therefore, 
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of metabolism and gastric capacity are obvious 
examples. Osmolar/water imbalance by inducing 
thirst can lead to excess intake of calories while the 
attitude of the feeder can have a profound influence 
on the intake of infants. The food itself may have 
varying caloric density, digestibility, taste, con- 
sistency, and particle size. 

Babies fed formula containing calories in excess 
of 2-8 MJ/l (670 kcal/I) during the first 41 days of 
life reduce the volume of intake but still have 
relatively high calorie intakes when compared with 
infants fed a formula of conventional caloric density, 
suggesting a satiety threshold not yet fully effective 
in the very young infant. After 41 days the infant 
seems to regulate the volume of its intake more 
exactly so that the calorie intake is similar to that of 
infants fed standard formulae. High caloric density 
of food thus leads to a reduction of water intake but 
at least during the first 6 weeks of life to an increased 
caloric intake, analogous to the clinical situation of 
excess weight gain and risk of hypertonic dehydra- 
tion as a result of overconcentrated feeds secondary 
to errors in preparation.? 

Raising caloric density by thickening feeds may 
have a similar effect. Reduced intake and risk of 
hypertonicity would continue until at least 112 days 
whereas that of increased caloric intake would 
disappear after 42 days. Excess weight gain as a 
consequence of feeding formula of high caloric 
density would thus tend to be a phenomenon of the 
first 6 weeks of life.? 

The mechanism of the control of intake may be via 
very delicate sensors which activate an hypothalamic 
reflex.!9 


Effect of early weight gain 


In the early years of this decade several studies 
carried out in Britain showed that artificially-fed 
infants were tending to gain weight at rates which 
exceeded the centiles currently in use.!5!23 Com- 
parison with middle-class breast-fed American babies 
confirmed this trend. 

A study of American babies found that while the 
10th centile of weight was similar for breast- and 
bottle-fed babies at 112 days of age, the 90th centile 
was much greater for bottle-fed infants. These 
differences were ascribed to the higher caloric 
intake of the artificially-fed babies with early intro- 
duction of solids.? Other observations cast doubt 
on these views. It was found that while infants who 
were artificially fed gained weight faster than breast- 
fed babies after age 6 weeks, this did not appear 
to be so in the early weeks.!9 

British babies during this period were being fed 
full-cream milk powder with added sucrose. In many 


parts of the country mothers were actively encouraged 
to introduce solids at a very early stage, a practice 
similar to that in current favour in the US.? In one 
study all the babies were receiving at least some 
added solids by age 6 weeks,!? while an analysis of 
reports from most regions of Britain reveal a 
consistent tendency to this practice.!? Studies on the 
composition of formula actually produced by 
mothers showed that the sodium content was high, 
sometimes dangerously so.19:19,20 

As babies tend to adjust their volume of intake to 
the caloric density of the feed, the daily water intake 
of babies fed overconcentrated feeds was reduced. 
The fact that in the early weeks at least, this adjust- 
ment is incomplete, would mean that despite reduced 
water intake, calorie intake would be higher than 
that of babies fed formulae of lower calorie density. 
The reduced water intake made infants particularly 
vulnerable to changes in external water balance, and 
also made them unable to tolerate long periods 
without feeding, giving rise to the common complaint 
that the infants never seemed to be satisfied.’ 
Studies on serum osmolality suggested that such 
babies were in a state of mild hypertonicity.?!.?? 
The fault lay not with artificial feeding itself but in 
preparation leading to solute loading and excess 
caloric density. A further factor might be the wide- 
spread use of the sucrose added to feeds since 
increasing sweetness is known to raise intake.?;?? 
It is not surprising that in other studies where over- 
concentrated feeds were not used and the introduc- 
tion of solids was delayed, there was no such 
tendency.?* 

In a study of 783 babies born in 1975-76 no 
excessive weight gain of bottle-fed over breast-fed 
infants was shown.” In this series however, 56% of 
mothers had attempted breast feeding as opposed to 
25% in the 1971 Sheffield series. Furthermore only 
22% of infants were receiving solids by 6 weeks of 
age compared with 80%. The number breast fed at 
6 weeks was 33-4% as opposed to 10%. This study 
produced results very similar to those for Sheffield 
in 1974, but very different from those for the 1971-72 
period (Table 1). 

Since 1972-74 efforts have been made in Sheffield 
to encourage breast feeding, stop the early introduc- 
tion of solids, and ensure that feeds are correctly 


Table 1 Changes in pattern of infant feeding in 
Sheffield 1970-71, compared with other data? 





Feeding Taitz, 1972 Taitz, 1976 De Swiet, 1977 
Attempted breast (%) 25 49 56 

Breast at 6 weeks (75) 10 33 33.4 

Solids at 6 weeks (75) 90 20 22 

Rate of gain Excessive Notexcessive Not excessive 
Date of observations 1970-71 1974 1975-76 


prepared? (M. E. Jepson, personal communication). 
The breast feeding rate at 6 weeks had risen from 
less than 10 to 33%, while only 20% of infants 
were receiving solids at this age compared with 9097. 
The rate of weight gain had fallen to levels compar- 
able with those for the United States breast-fed 
babies and when compared with local breast-fed 
infants, were indistinguishable from them.?9 

Recent data indicate that babies who are breast 
fed appear to gain weight at the same rate as bottle- 
fed babies (L. S. Taitz, unpublished, 1978), a finding 
confirmed in the short report on page 749. 

Workers in the United States have also detected 
differences between breast-fed and artificially-fed 
babies.*? Artificially-fed babies doubled their birth- 
weight faster than breast-fed babies. This was 
associated with a tendency to introduce solids 
earlier in the artificially-fed group. 


Long-term effects 


Retrospective data indicate that babies whose 
weights reach the 90th centile at some time during 
the first 6 months of their lives are 2-6 times more 
likely to become obese subsequently.28 This risk of 
Obesity was associated with infant mass but not 
correlated with height. The important observation 
in this study was that rapid weight gain in early life 
seemed only to presage later obesity if the actual 
weight gain line crossed the 75th centile. They 
appear to have demonstrated that infant weight 
correlated with adult obesity independently of 
parental weight, social class, or education level 
which are themselves correlated with obesity. 

Data from babies born at the time of the Dutch 


famine of the winter of 1944-45 indicate that starva- . 


tion during late pregnancy and early infancy is 
associated with a lower incidence of obesity in later 
life, whereas when the famine coincided with early 
pregnancy then subsequent obesity was increased 
(Table 2). There was also a high rate of obesity 
among those conceived just after the end of the 
famine.?9? These findings point to an important 
effect of early starvation in programming subsequent 
nutritional status one way or the other. 

Some writers have questioned whether there is 


Table 2 Effect of maternal starvation on incidence 
of obesity in progeny 





Timing of famine Incidence of obesity 





Last 3 months of pregnancy and first 


5 months of life Reduced 
Last trimester only No effect 
Postnatal only No effect 


First and second trimester Increased obesity 
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valid evidence that infantile overfeeding may lead to 
subsequent obesity 5* and throw doubt on the 
hypothesis of an early induction of obesity. A 
follow-up of babies previously studied !? showed that 
out of 203 of the 300 babies, 14% were obese and 
26% overweight in infancy. By 5 years of age, these 
figures had fallen to 2-5 and 11% respectively. Out 
of 5 obese children, 3 had been obese as infants. 
Only one in 9 obese infants remained obese.?? One 
in 3 obese infants remained overweight into child- 
hood. The main problem with this study was the fact 
that there was probably a selection of children from 
higher socioeconomic groups, and in the light of the 
statement that obesity in developed countries is 
more common among lower social classes ?9 some 
uncertainty must surround these findings. 


Conclusions 


The introduction of low-solute milks in Britain 
would be expected to lead to a sharp decline in the 
incidence of hypertonic dehydration. Impressions 
seem to confirm this but there are no data as yet to 
justify the claim. There does however appear to be 
evidence that the excessive rates of weight gain 
reported in the early 1970s may have abated with the 
elimination of hyperosmolar feeding. It is difficult 
to assess the significance of this although most 
paediatricians would be happier with rates of gain 
closer to breast-fed babies, and would for the most 
part come down in favour of low-solute feeds. It 
seems a fairly straightforward matter to recommend 
to mothers and teach medical students the virtues of 
breast feeding and modified feeds, in that order, and 
to follow the recommendations of the DHSS in 
avoiding solids until 4-5 months if possible. 

That said, it is a question whether a proliferation 
of formulae is either necessary or desirable; we 
probably have more than enough already. The only 
really significant differences among them is their 
varying lipid contents. This is an area full of con- 
troversy and uncertainty, one in which the current 
lack of understanding makes it virtually impossible 
to make a rational choice, and a very good subject 
for some future annotation. 
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The incomplete male 


During the last 20 years a great deal has been 
learned about the aetiology and management of 
intersex states. In particular, the importance of 
congenital adrenal hyperplasia as a cause of female 
pseudohermaphroditism has become widely recog- 
nised. Cytogenetic methods have clarified the cause 
of the genital anomalies associated with sex chromo- 
some abnormalities and while techniques such as 
banding and Y-fluorescence have failed to define the 
aetiology of true hermaphroditism, this has not 
generally interfered with correct clinical manage- 
ment. However, the investigation and management 
of patients with a male chromosomal complement 
but incomplete masculinisation of the external 
genitalia (male pseudohermaphroditism) remain 
among the most intriguing and difficult aspects of 
paediatric endocrinology. 

Male intersexuality represents a disturbance of the 
normal process of fetal sexual differentiation and is 
characterised by genital ambiguity and deficient 
masculinisation at puberty. In his classical experi- 
ments with gonadectomy in fetal rabbits, Jost! 
showed that the mammalian embryo has an inherent 
tendency to develop as a female. The development 
of the male phenotype is more complex than that 
of the female and depends on the differentiation and 
action of the fetal testis. Human testicular differen- 
tiation appears to be controlled by the Y chromo- 
some. At a critical period in fetal life (10-18 weeks 
after fertilisation) the testicular Leydig cells secrete 
testosterone which directly stimulates the formation 
of the internal genitalia (the vas deferens, epididymis, 
and seminal vesicles) from the Wolffian ducts. The 
external genitalia are masculinised by dihydro- 
testosterone which is derived from testosterone by 
the action of the enzyme 5-«-reductase. A second 
testicular hormone known as muellerian inhibiting 
factor, a polypeptide, is secreted during the same 
period by the Sertoli cells and causes suppression of 
the female muellerian ducts.” 

The aetiology of male intersexuality may be divided 
into three basic categories ? (Table). These are 
abnormal testicular differentiation, abnormal testi- 
cular function, and target organ unresponsiveness 
to androgen. 


Abnormal testicular differentiation 


This may result from a defect of the testis-determining 
genes on the short arm of the Y chromosome, or from 


Table Aetiological categories of male intersexuality 





Abnormal testicular differentiation 
Defect of the Y chromosome 
Leydig cell hypoplasia 


Abnormal testicular function 
Gonadotrophin deficiency 
Dysmorphic syndromes (Smith-Lemli-Opitz) 
Disorders of testosterone biosynthesis 


Target organ unresponsiveness to androgen 
Androgen receptor defects 
Sa-reductase deficiency 





a reduction in the XY cell line in the fetal gonad. The 
testes are dysgenetic and both Leydig and Sertoli cell 
functions are affected causing incomplete masculini- 
sation and persistence of the muellerian structures. 
Inadequate masculinisation may also result from 
primary Leydig cell hypoplasia. 


Abnormal testicular function 


This is most commonly due to the congenital 
deficiency of one of the enzymes involved in the 
different steps of testosterone biosynthesis. The 
enzymes normally participating in this pathway are, 
20-22 desmolase,? 3-8-hydroxydehydrogenase,9 17 
a-hydroxylase,? 17-20 desmolase,9 and 17-keto- 
steroid reductase.? These enzyme deficiencies which 
usually occur both in gonads and adrenals, are 
becoming increasingly recognised as causes of male 
intersexuality. Muellerian suppression is unaffected 
and the degree of genital ambiguity usually reflects 
the severity of the enzyme defect. The presence of 
salt-loss (in 20-22 desmolase and 3-8-hydroxy- 
dehyrogenase deficiencies) or hypertension (in 17 
-hydroxylase deficiency) may provide a clinical 
clue to one of these disorders. In general, however, 
fairly sophisticated biochemical techniques, coupled 
with the measurement of testosterone and its pre- 
cursor hormones before and after HCG stimulation 
of the prepubertal testis, are necessary to characterise 
fully the enzyme deficiency. 

Another potential cause of abnormal testicular 
function is impaired fetal gonadotrophin production. 
Prader!? reported a child with a male karyotype and 
female genitalia who was found to have LH 
deficiency. This mechanism may also contribute to 
the poor virilisation in some dysmorphic states such 
as the Smith-Lemli-Opitz syndrome. 
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The third aetiological category accounts for most 
cases of male intersexuality. Included in this category 
are complete and incomplete testicular feminisation, 
and deficiency of the enzyme 5-«-reductase. The 
androgenic action of testosterone and dihydro- 
testosterone is normally initiated by the binding of 
the steroid to a specific cytoplasmic receptor protein. 
The androgen receptor is under the control of a 
gene or set of genes on the X chromosome." In 
testicular feminisation there is thought to be a 
mutation of one such gene leading to a lack of 
androgen binding. Jn vitro receptor studies !? have 
demonstrated impaired dihydrotestosterone binding 
in fibroblasts cultured from the perineal skin of 
patients with this form of androgen unresponsive- 
ness. In complete testicular feminisation the pheno- 
type is totally female and the affected subjects are 
brought up as girls. Incomplete testicular feminisa- 
tion !? is presumably due to a partial defect 14 at the 
receptor level, the genetics of which are not clear. 
These subjects have a varying degree of fetal mascu- 
linisation and some virilisation at puberty, usually 
with breast development. The clinical syndromes of 
Reifenstein, Lubs, and Gilbert-Dryfus are now also 
thought to be examples of a partial receptor defect.!5 
They emphasise the clinical heterogeneity of this 
aetiological category. 

Adult patients with androgen insensitivity have a 
characteristic hormonal profile. There is simultaneous 
increase in plasma androgen and LH concentra- 
tions, indicating a disturbance of the negative feed- 
back control of pituitary gonadotrophin secretion. 
This profile normally manifests itself only at 
puberty 16 and is therefore of limited diagnostic 
value. However there is some evidence that markedly 
raised levels of both androgens and LH during the 
first 6 months of life—when the pituitary axis is 
particularly active—may indicate a receptor defect 
and hence predict a future defect in pubertal 
masculinisation. 

Deficiency of the enzyme 5-«-reductase is a 
recently established disorder and was first described in 
1974 by Imperato-McGinley ef al.17-18 who reported 
24 cases of male intersexuality in an isolated 
community in the Dominican Republic. These 
patients were shown to have impaired conversion 
cf circulating testosterone to dihydrotestosterone 
and an inherited deficiency of 5-«-reductase was 
suggested as the primary abnormality. The external 
genitalia in the prepubertal subjects were essentially 
female but normal male internal genitalia were 
present. At puberty there was marked penile growth 
with male gender identity and normal spermato- 
genesis. Walsh et al? described a similar patient 


in whom they demonstrated an absence of dihydro- 
testosterone formation in genital skin, although the 
concentration of circulating dihydrotestosterone was 
normal. In the short report on page 751, Greene et al. 
report a further case of 5-a-reductase deficiency. 
It therefore appears that decreased conversion of 
testosterone to dihydrotestosterone, or deficiency 
of 5-z-reductase in external genital tissues, causes 
a form of male intersexuality which is characterised 
by the lack of fetal masculinisation of the external 
genitalia which are dihydrotestosterone dependent. 
This contrasts with the normal formation of the 
internal genitalia and normal pubertal virilisation 
which are brought about by testosterone itself. 


The wide variety of causes of male intersexuality 
may make it difficult to decide on the most appro- 
priate gender for some males born with genital 
ambiguity. The choice of sex may be made more 
difficult by the impossibility of predicting the degree 
of masculinisation and penile growth at puberty. 
Yet, for successful gender identification it is impor- 
tant that the decision whether the child should be 
reared as a boy or a girl is made as soon after birth 
as possible. 


Generally, there is normal tissue responsiveness 
to androgens in those cases which are due to defective 
testicular function in fetal life, and masculinisation 
may be anticipated as a result of androgen therapy 
in adolescence. In contrast, normal testosterone and 
dihydrotestosterone secretion after HCG 2° suggests 
that the genital defect is due to tissue unresponsive- 
ness. Pubertal masculinisation in this group is much 
less certain and the presence of a small phallus may 
make the choice of female gender preferable. There 
is an urgent need for an in vitro test to quantitate 
androgen responsiveness in the prepubertal child. 
Evain et al?! recently showed that the dihydro- 
testosterone cytoplasmic receptor may be measured 
directly from the analysis of a fragment of perineal 
skin. This technique however is still being developed 
and is not generally available for clinical use. 


In doubtful cases there is a place for an early trial 
of testosterone therapy before the final decision on 
the most appropriate gender for the child is made. 
Appreciable growth of the phallus after 3 injections 
of depot testosterone (25-50 mg), at monthly 
intervals, suggests that further virilisation will occur 
at the time of puberty, either as a result of endo- 
genous androgen secretion or further testosterone 
therapy. This penile growth also has the advantage 
of simplifying any subsequent operation for correc- 
tion of chordee and repair of hypospadias. Cases 
which show a very poor response to testosterone, or 
which have no appreciable erectile tissue in the 
phallus, may fare better as girls. 
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Treatment of acute viral croup 
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SUMMARY Total respiratory resistance (R4) was measured before and after nebulised «-adrenergic 
stimulant therapy in 8 children aged 4 to 18 months who had the clinical symptoms of acute viral 
croup. In 7 children there was a mean fall in R; of 30% after treatment, associated with an im- 
provement in their clinical condition. This improvement was shortlived, the resistance returning to 
pretreatment levels within 30 minutes. The remaining child showed no improvement after phenyl- 
ephrine but was subsequently found to have acute epiglottitis. Nebulised water did not produce 
any change, indicating that the response was not due to moisture alone. 


Acute viral croup is a common respiratory illness 
in infants and young children. Most patients recover 
spontaneously at home but of those admitted to 
hospital, 1-2% will require endotracheal intubation. 
There is much controversy regarding the use of 
treatment with cold water mist in croup but no 
evidence that this is of any benefit. Indeed, there is 
no evidence that any drug effectively alters the 
natural history of an attack of croup. Nebulised 
racemic epinephrine (adrenaline hydrochloride) 
administered either by a compressor and face mask 
or by intermittent positive pressure breathing (IPPB) 
has recently become widely used in North America. 
There have been several uncontrolled studies 
advocating its use but in a controlled study Gardner 
et al. (1973) were unable to show any difference 
between a group of children receiving racemic 
epinephrine and a group receiving sterile saline 
placebo. They suggested the apparent effectiveness 
of racemic epinephrine might be due to the nebulisa- 
tion of moisture rather than a direct effect of the 
drug. Taussig ef al. (1975) however showed an 
immediate improvement in clinical signs and 
symptoms after administering racemic epinephrine 
by IPPB but the symptoms returned within 2 hours, 
there was no improvement in arterial oxygen 
tension, and the duration ofthe illness was unchanged 
compared with a control group. 

Epinephrine has both «- and  8-adrenergic 
stimulant properties. It is well known that «- 
adrenergic stimulants, such as xylometazoline, 
reduce infective nasal mucosal oedema and we 
considered it likely that it was the «- rather than 
the G-adrenergic stimulant property of racemic 
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epinephrine which improved the clinical state of 
children with croup. 

To our knowledge no attempt has been made to 
measure objectively lung function changes after 
treatment in croup and there is much confusion 
regarding the usefulness of moisture and adrenergic 
therapy in the illness. The aim of this study was to 
evaluate the usefulness of both nebulised cold water 
and a nebulised a-adrenergic stimulant drug in 
acute viral croup by comparing total respiratory 
resistance (R,) measurements before and after 
treatment. The «-adrenergic stimulant we chose was 
phenylephrine. 


Subjects 


Eight boys were studied as inpatients, their ages 
ranged from 4 to 18 months (mean 9 months). 
Apart from the attack of croup they were well. One 
baby had experienced an attack of croup previously. 
There was no family history of respiratory illness or 
atopy in first-degree relatives. The diagnosis of 
croup was made on history and clinical examination. 
Viral studies were not performed in any child. At the 
time of testing all babies were in the recovery phase 
of the illness but still had mild respiratory stridor at 
rest. Permission for testing was obtained from at 
least one parent and the mother of each child was 
present during the test. The studyThad been passed 
in advance by the Nottingham Ethical Committee. 


Method 
Total respiratory resistance (R,) was measured 


using a modification of the forced oscillation 
technique (Cogswell, 1973). The apparatus and 
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technique have been described (Lenney and Milner, 
1978a, b). R, was measured at midinspiration 
throughout this study as the stridor most affected 
this part of the breathing cycle. 

To ensure fully patent nasal passages 2 drops of 
xylometazoline (0-05 °% solution) were instilled into 
each nostril. Each child was then sedated with 
80 mg/kg chloral hydrate. When asleep the child was 
placed supine on a couch and the face mask slowly 
lowered over the mouth and nose using gentle 
pressure until an airtight seal was obtained. Traces 
were obtained from five or six breaths. R, was 
expressed as the mean of at least 6 readings. R, 
measurements were repeated 10 minutes later. Five 
of the children were then given 2 ml sterile water 
using a Pari nebuliser and R, measurements were 
repeated 5, 10, 15, and 25 minutes later. These 5 
children and the remaining 3 children were then 
given 2 ml 0-257; phenylephrine solution using the 
Pari nebuliser and the measurements repeated 2, 5, 
10, 15, 20, 25, and 30 minutes later. Three children 
awoke approximately 30 minutes after the phenyle- 
phrine inhalation but in the remaining 5 children a 
further 2 ml 0-25% phenylephrine solution was 
given using the Pari nebuliser and R, measurements 
were repeated 2, 5, 10, 15, 20, 25, and 30 minutes 
later. 

Pulse rate was measured before and after each 
inhalation of water and phenylephrine. Blood 
pressure was measured before and after each 
phenylephrine inhalation using the Doppler tech- 
nique. 


Results 


All children had initial R, values much higher than 
expected from extrapolation of available data 
(Cogswell, 1973). They ranged from 5:2 to 7.8 
kPa/l per s (52 to 78 cmH O/I per s) whereas the 
expected range was 1 to 3-5 kPa/l per s (10 to 35 
cmH ;,O/l per s). R, measurements 10 minutes later 
were similar to the initial readings, the coefficient of 
variation between the two readings being 5:9% 
giving a correlation coefficient (r) of 0-96 (P — 0-001). 

The 5 children given nebulised water showed no 
striking change in R, after the inhalation. The 
greatest fall in R, was 7% and the greatest rise 24 97. 
The mean percentage rise in R, at 5, 10, 15, and 25 
minutes after the nebulised water was 7-5, 5 : 8, 7-6, 
and 7:2% respectively. There was no clinical change 
in any of the 5 children after the nebulised water, 
the inspiratory stridor remaining unchanged. 

Seven of the 8 children given nebulised phenyl- 
ephrine showed a striking fall in R, after treatment. 
The mean maximum fall in these 7 children at 15 
minutes after therapy was 30% (range 17-38 25) 
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(Figure). The fall in R, was accompanied by a 
definite reduction in inspiratory stridor in 3 patients 
and by complete disappearance of the stridor in 4. 
The improvement was short-lived and as RK 
increased the stridor returned. 30 minutes after 
treatment the mean R, level was 6% higher than it 
had been before. 

The 5 children who remained asleep were given a 
further inhalation of phenylephrine, and in 4 of these 
children R, fell strikingly. The mean maximum fall 
in these 4 children was 35 % (range 27-46 769) and, in 
all 4 children, the inspiratory stridor disappeared. 30 
minutes after the second inhalation, the stridor had 
fully returned and the mean R, was only 8% lower 
than before treatment. 

One child showed no fall in R, greater than 7% 
and no improvement in the stridor after the two 
inhalations of phenylephrine. At the end of the test 
his stridor appeared marginally worse and during the 
next few hours his condition deteriorated. Blood 
cultures and throat swab grew Haemophilus influen- 
zae and he eventually made a full recovery after a 
course of parenteral ampicillin. 

Pulse rate was unchanged in any child after 
treatment with water or phenylephrine. Blood 
pressure was unchanged after phenylephrine except 
in 2 babies in whom the systolic pressure rose from 
100 to 110 and from 100 to 115 mmHg after the 
second inhalation of phenylephrine. 


Discussion 


Racemic epinephrine administered by a compressor 
and face mask or by IPPB has been used in the 
treatment of acute viral croup but doubt has been 
cast on its value. Even those who consider it to be 
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Figure Total respiratory resistance (Rr) before and 
after two 5-min inhalations of phenylephrine (mean 
for group + 1 SE) in a group of 7 children aged 4 to 
18 months with croup. Only 4 of these children 
received the second inhalation of phenylephrine. 
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effective find that the therapeutic response is short- 
lived and its use should be limited to children in 
hospital (Taussig et al., 1975). In this study we have 
objectively assessed the response to o-adrenergic 
stimulant therapy in 8 children aged 4 to 18 months 
with clinical symptoms of acute viral croup. The 
results show that 7 of the 8 children who had 
symptoms of croup at the time of study responded 
clinically, objectively, and reproducibly to nebulised 
phenylephrine. The response however was dis- 
appointingly short, the resistance returning to pre- 
treatment levels within 30 minutes. None of the 5 
children given nebulised water showed any improve- 
ment either clinically or objectively during a 30- 
minute period so we do not consider the response to 
nebulised phenylephrine was due to nebulised 
moisture alone. This failure to show any improve- 
ment in lung function after nebulised water is 
noteworthy because to our knowledge this is the first 
time that anybody has tried to assess objectively 
the response to nebulised water in acute viral croup. 
It was interesting that the one child who did not 
improve after nebulised phenylephrine gradually 
deteriorated and H. influenzae was grown from his 
blood and throat indicating that he had acute 
epiglottitis rather than viral croup. 

At this stage we would not advocate the use of 
phenylephrine in croup because the response 
appears to last for so short a time and in one child 
who responded to the phenylephrine there was 
clinical evidence of deterioration on returning to the 


ward possibly owing to a rebound phenomenon. If 
this rebound phenomenon does exist it could have 
serious repercussions at the height of an attack. We 
do consider the results interesting, however, and 
suggest that further evaluation of other a-adrenergic 
stimulant drugs is worthwhile. It may well be that 
oral -adrenergic stimulant drugs have a part to 
play in the management of acute viral croup. 
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Alpha and beta adrenergic stimulants in bronchiolitis 
and wheezy bronchitis in children under 18 months 


of age 


W. LENNEY AND A. D. MILNER 


From the Department of Child Health, University of Nottingham Medical School, Nottingham 


SUMMARY Total respiratory resistance was measured before and after nebulised phenylephrine 
in 5 babies (age range 7 to 17 months) with wheezy bronchitis, and in 2 babies (aged 2 and 6 months) 
with bronchiolitis. None showed a change in resistance after treatment. Total respiratory resistance 
was measured before and after nebulised adrenaline in another 14 babies (age range 4 to 13 months) 
with bronchiolitis. No fall in resistance was noted in any baby after treatment whether or not it 
was given by a conventional or an ultrasonic nebuliser. We conclude that «- and 6-adrenergic 
stimulants are ineffective in bronchiolitis and wheezy bronchitis in children under 18 months of age. 


Bronchiolitis generally occurs in epidemics in the 
winter. It usually affects infants and occasionally 
produces severe symptoms requiring admission to 
hospital. Many drugs have been used in these 
severely ill infants but the only therapeutic agent 
that is of unquestionable benefit is oxygen. Corti- 
costeroids have no significant effect on the duration 
or severity of the clinical state (American Academy 
of Pediatrics Committee on Drugs, 1970). 8- 
Adrenergic stimulants, such as isoprenaline and 
salbutamol, are ineffective in reducing pulmonary 
and total respiratory resistance (R4) in infants with 
bronchiolitis or wheezy bronchitis (Phelan and 
Williams, 1969; Rutter ef al., 1975). 

We have recently shown that nebulised phenyle- 
phrine reduces total respiratory resistance and 
improves the clinical state in children with acute 
viral croup (Lenney and Milner, 1978c), presumably 
because the «-adrenergic stimulant reduces mucosal 
oedema. The pathological features of acute bron- 
chiolitis include necrosis of bronchiolar epithelium, 
lymphocytic infiltration, and oedema of the sub- 
mucosa and adventitial tissues, and we considered it 
possible that this oedema might also respond to 
a-adrenergic stimulants. 

The purpose of this study was to examine the 
ability of nebulised «a-adrenergic stimulants to 
reduce airways obstruction in bronchiolitis and 
wheezy bronchitis. 
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Subjects 


Twenty-one babies were studied as inp: tients (13 
boys and 8 girls), their ages ranged from 2 to 17 
months (mean 7 months). Apart from their acute 
respiratory illness they were well. Three babies with 
wheezy bronchitis had had two previous wheezing 
episodes. Two babies with wheezy bronchitis and 3 
with bronchiolitis had a family history of asthma, 
eczema, or hay fever in first-degree relatives. At the 
time of testing all the babies were in the recovery 
phase of the illness but on examination they still had 
increased respiratory efforts, prolonged expiration, 
expiratory rhonchi and, in 7 with bronchiolitis, 
occasional basal crepitations. Permission for testing 
was obtained from at least one parent of each child 
and 16 of the 21 babies had one of their parents 
present throughout the test. The study had been 
passed in advance by the Nottingham Ethical 
Committee. 


Method 


Total respiratory resistance (R,) was measured 
using a modification of the forced oscillation tech- 
nique (DuBois et al., 1956; Cogswell, 1973). This 
technique depends on the fact that when an oscillating 
sine-wave airflow is applied to the respiratory tract 
the transthoracic pressure changes induced are 
related to the total impedance of the system. The 
total impedance comprises R,, elastic impedance, 
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and inertial impedance. At six cycles/second, the 
resonant frequency of the respiratory system, elastic 
and inertial impedance are of equal magnitude and 
opposite in sign, therefore cancelling out and allowing 
R, to be calculated directly. 

The apparatus and technique have been described 
(Lenney and Milner, 1978a, b). Each child was given 
80 mg/kg chloral hydrate as sedation. When sleeping 
the child was placed supine on a couch and the face 
mask was slowly lowered over the mouth and nose 
using gentle pressure until an airtight seal was 
obtained. Traces were obtained from five or six 
breaths. R, was expressed as the mean of at least 6 
readings. R, measurements were repeated 10 minutes 
later. The children were then given either 2 ml sterile 
water and 2 ml 0:25 % phenylephrine or 2 ml 0:47; 
adrenaline hydrochloride solution using a conven- 
tional nebuliser (Pari) or an ultrasonic nebuliser 
(Moynahan 675). R, measurements were repeated 
10 and 20 minutes after nebulised therapy. The 
children who received water were then given 2 ml 
0:25% phenylephrine and the measurements re- 
peated. The water and phenylephrine were delivered 
by Pari nebuliser on 6 occasions and by the Moyna- 
han ultrasonic nebuliser on one. Of the remaining 14 
children with bronchiolitis 8 were given adrenaline 
by the Pari nebuliser and 6 by the Moynahan ultra- 
sonic nebuliser. Pulse rate was measured before and 
10 minutes after each inhalation and blood pressure 
was measured before and after the phenylephrine 
inhalation using the Doppler technique. 


Results 


Although no data of R, in normal children under 18 
months old have been published, all 21 children in 
this study had initial R, values considerably higher 
than expected from extrapolation of available data 
(Cogswell, 1973). R, measurements 10 minutes later 
were similar to the initial reading. The coefficient of 
variation between the two readings was 6:7% giving 
a correlation coefficient (r) of 0-97 (P<0-001). The 
5 children with wheezy bronchitis and 2 children 
with bronchiolitis showed no significant change in 
R, after either nebulised water or nebulised pheny- 
lephrine. Mean percentage change in R, 10 minutes 
after water was +4:6% (range +23% to —16%) 
and the mean percentage change 10 minutes after 
phenylephrine was +6:41% (range --11:175 to 
--1:697). This pattern was also seen in the one 
child with wheezy bronchitis who was given phenyle- 
phrine by the ultrasonic nebuliser (Fig. 1). There was 
no significant difference in values between treatment 
after 10 and 20 minutes in any child. There was no 
improvement clinically in any child after either 
treatment. After inhalation of adrenaline the mean 


percentage change in R, 10 minutes after therapy was 
+4-4% (range +15°4% to —5-7%) in the ultra- 
sonic nebuliser group and — 1-4% (range +17:6% 
to —11-1°%) in the Pari nebuliser group (Fig. 2). 
Once again there was no significant difference between 
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Fig. 1 Total respiratory resistance (R y) in 5 children 
with wheezy bronchitis and 2 children with bronchiolitis, 
measured before and 10 minutes after nebulised 
water and 10 minutes after nebulised phenylephrine. 
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Fig. 2 Total respiratory resistance (Ry) in 14 children 
with bronchiolitis measured before and 10 minutes after 
nebulised adrenaline. 
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R, values 10 and 20 minutes after therapy. No child 
showed any clinical improvement after therapy. 

Pulse rate and blood pressure measurements were 
unchanged in the 7 children after phenylephrine 
inhalations. Pulse rate increased after adrenaline 
inhalation in 13 out of the 14 children tested. Mean 
initial pulse rate was 124 beats/min and the mean 
pulse rate after adrenaline was 142 beats/min. In the 
remaining child pulse rate was unchanged after 
adrenaline. Pulse rate was also unchanged after the 
administration of water. 

Immunofluorescence studies were performed in the 
14 children with bronchiolitis who received adrena- 
line, and positive results for respiratory syncytial 
virus were obtained in 9 children. 


Discussion 


Nasal decongestant drops and sprays containing «- 
adrenergic stimulants are clinically effective in 
infective oedema of the nasal mucosa and we have 
shown that nebulised phenylephrine improves lung 
function in acute viral croup, albeit for the dis- 
appointingly short time of approximately 20 minutes 
(Lenney and Milner, 1978c). As oedema in the region 
of the small airways seems an important feature 
in the pathogenesis of bronchiolitis we considered 
it worthwhile to study the effect of treatment 
with nebulised «-adrenergic stimulants in this con- 
dition. It is probable that the pathological changes in 
infants and young children with wheezy bronchitis 
are similar to those seen in bronchiolitis and we 
have therefore studied children with both illnesses. 

We initially chose phenylephrine as this is pre- 
dominantly an «-adrenergic stimulant. We elected 
to use 2 ml 0:255; phenylephrine solution because 
this amount had proved effective in relieving obstruc- 
tion in acute vital croup and was 25% of the dose 
previously used in treating asthmatic attacks in 
adults. When we failed to show improvement with 
this drug or with water we changed to adrenaline 
as we considered it possible that a combination of «- 
and (-adrenergic stimulants might be synergistic in 
this situation. However, none of the children showed 
any improvement in lung function or in clinical 
state after inhaled adrenaline whether the medication 
was given by a conventional or an ultrasonic 
nebuliser. Bronchiolitis is considered to be an 
infection acting mainly on the small airways and it 
is possible that medication given by conventional 
nebuliser would not penetrate sufficiently far down 
the airways because of the large droplet size of the 
mist. It was for this reason that we used the ultra- 
sonic nebuliser which produces a mist predomi- 
nantly of droplet size 1-3 um. It has been calculated 
that even in newborn babies most droplets of 1 um 


or less can penetrate beyond the terminal bron- 
chioli (Reid, 1977). The increase in pulse rate after 
the inhalation of adrenaline indicated that the drug 
was being absorbed. It still remains possible however 
that sufficient quantities of the drug did not reach 
the affected airways. 

It has been claimed that the forced oscillation 
technique is sensitive to upper rather than lower 
airway changes. However, in a recent study using 
nebulised salbutamol we have found that in the first 
3 years of life changes in R, using the oscillator corre- 
late well with changes in airways resistance using the 
body plethysmograph (Lenney and Milner, 1978a). 
In the present study the initial R,s were strikingly 
raised in all patients, and in two children tested 
subsequently normal values were obtained, support- 
ing our contention that the forced oscillation tech- 
nique is reliable in this situation. 

Sedation may have influenced the baseline R, data 
but is most unlikely to have masked any changes 
produced by the treatments. 

Our conclusion is that neither nebulised phenyl- 
ephrine nor adrenaline has any part to play in the 
management of bronchiolitis. 


We gratefully acknowledge financial support from 
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House dust mite sensitivity in childhood asthma 


J. O. WARNER AND J. F. PRICE 


From the Respiratory Unit, The Hospital for Sick Children, Great Ormond Street, London 


SUMMARY The clinical features of perennial asthmatic children with a skin or bronchial reaction 
to the house dust mite (Dermatophagoides pteronyssinus) were compared with those of asthmatic 
children without mite sensitivity. Mite sensitive asthma was characterised by an early age of onset 
of symptoms, these being predominantly nocturnal. A history of wheezing precipitated by dust 
exposure, during vacuuming, bedmaking, or dusting was present in 52% of cases. Asthmatic 
children with mite sensitivity were more likely to have been born at the time of the year when mite 
counts were highest. This was consistent with the idea that allergy may be associated with a period 


of susceptibility to sensitisation in early infancy. 


Asthma precipitated by exposure to dust has been 
recognised for three centuries (Van Helmont, 1662), 
but the link between house dust and house mite 
allergy in asthmatic patients was not described 
until 1964 (Voorhorst et al.). Skin tests (Morrow- 
Brown and Filer, 1968), bronchial provocation 
tests (Aas, 1970), in vitro tests measuring IgE 
antibodies (Stenius and Wide, 1969), and hista- 
mine release from leucocytes (McAllen eż al., 1970) 
have clearly indicated that the mite, Derma- 
tophagoides pteronyssinus, is one of the commonest 
allergens in Europe to which asthmatic patients are 
sensitised. 

Sensitivity to D. pteronyssinus is common in 
childhood asthma (Sarsfield, 1974) but little has 
been published on the characteristics of such an 
allergy. The clinical importance of any one allergy 
in an asthmatic child with multiple allergen sen- 
sitivities can ultimately only be determined by 
history. There is an impression of an association 
between nocturnal asthma occurring throughout the 
year and house mite sensitivity, but this has not 
been established. Therefore, we have compared 
aspects of the clinical history of asthmatic children 
with and without a skin or bronchial reaction to 
D. pteronyssinus. 


Patients and methods 


Eighty-five children (62 boys and 23 girls) with 
moderate to severe perennial asthma, aged between 
5 (the minimum for performing bronchial provo- 
cation tests adequately) and 14 years were studied. 
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Bronchial asthma was diagnosed by clinical and 
laboratory evidence of intermittent airways ob- 
struction, reversible to a degree by bronchodilators. 
All the children had at least 6 moderately severe 
attacks of wheezing each year and their asthma was 
not satisfactorily controlled on bronchodilators 
alone. 

The children were admitted to hospital for at 
least 48 hours. A full clinical history and examination 
was recorded on a standard questionnaire. Each had 
prick skin tests on the forearms to 10 allergens and 
a control solution. The reactions were measured 
after 20 minutes using a gauge, and weals of 2 mm 
diameter or greater were recorded as positive. The 
children had a bronchial provocation test to soluble 
extracts of D. pteronyssinus, using the method 
described by Warner (1976). 

The medical notes of a further 163 unselected 
asthmatic children were studied to abstract in- 
formation on skin test responses, date of birth, age 
of onset of wheezing, and the presence of nocturnal 
attacks. 

Statistical analyses used the y? test with con- 
tinuity correction. 


Results 


Sixty-nine (81%) of the 85 children had a positive 
bronchial provocation test (BPT) to D. pteronyssinus, 
and were designated as mite sensitive. 16 had no 
bronchial response to this allergen and, of these, 9 
on whom further tests were made had positive 
bronchial reactions to other allergens (4 Timothy 
grass, 3 cat fur, 1 Alternaria tenuis, and 1 Clado- 
sporium herbarum). 
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Skin test responses to 10 allergens in each group 
of patients are shown in Table 1. Only one patient 
had totally negative skin tests, but she had marked 
bronchial lability and a family history of allergic 
disease. All 8 patients with negative skin tests to 
D. pteronyssinus also had negative BPTs to this 
allergen, but 8 (11922) of the positive skin reactors 
had negative BPTs. Significantly more of the mite 
sensitive group reacted to house dust extract and 
feathers. Fewer mite sensitive children reacted to 
the moulds Cladosporium and Aspergillus fumigatus, 
but this was significant only for the latter allergen. 

Equal numbers of patients in each group had at 
least one first-degree relative with asthma, eczema, 
or hay fever. Both eczema and perennial rhinitis 
were more common in the mite sensitive group but 
this did not reach significance. 36 (52%) of 69 mite 
sensitive children had a clear history of asthma 
precipitated by exposure to dust during dusting, 
vacuuming, or bed-making compared with 3 (19%) 
of 16 in the mite negative group (Table 2). 

Some studies were done retrospectively and of 163 
asthmatic children, 120 (74%) had positive skin tests 
to D. pteronyssinus. The mite positive children gave 
a history of frequent nocturnal wheezing significantly 
more often (102 of 120) than did the mite negative 
group (18 of 43; y? 28-15, P<0-0005). 

As there were too few mite negative patients from 
the BPT for some analyses, they were grouped with 
40 children who had negative skin tests to the mite 
from the retrospective study. The appropriate in- 
formation was not available for the remaining 3 
patients with negative skin tests to the mite from 
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that study. It is reasonable to assume that children 
with negative skin tests to the mite would also have a 
negative BPT to this allergen, as the association 
between negative skin tests and BPTs is at least 
95% (Spector and Farr, 1974; Bryant et al., 1975). 
Significantly more of the mite sensitive children 
were born between July and December than at other 
times, and more mite sensitive patients had developed 
asthma before the age of 2 than the mite non- 
sensitive patients (Table 3). The Figure shows the 
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Figure Month of birth of children with mite-sensitive 
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with the Registrar General's mean figures for total live 
births each month for 1964 to 1974. 


Table 1 Number of positive prick skin test reactions to 10 allergens in asthmatic children with and without a 
bronchial sensitivity to the house dust mite (Dermatophagoides pteronyssinus); the y? and P values for the associations 
of the reactions to each skin test with bronchial challenge response to mite are given 


> 


No. of positive prick skin tests 


House Feathers Cat 
dust 


extract 


Bronchial 
challenge 
to mite 


D. pteronyssinus 


Milk 


Timothy ^ Cocksfoot A. tenuis — C. herbarum A. fumigatus 


grass 


SS ene 
42 40 17 19 11 


Positive (69) 69 64 52 49 14 

Negative (16) 8 10 6 10 12 11 6 8 8 

x? — 8.04 6.93 0.13 0.38 0-59 0-26 0-53 2-08 6-83 
P — <0-005 <0-01 NS NS NS NS NS NS <0-01 


NS = Not significant P>0-05. 


Table 2 Aspects of the clinical histories in children with and without a bronchial reaction to the house dust mite 














First-degree family Eczema Perennial rhinitis History of 

history of atopy* dust exposure 

+ = + == + = + — 
Mite sensitive 38 3l 40 29 40 29 36 33 
Mite insensitive 9 5 7 9 6 10 3 13 
y? 0-11 0-57 1-45 4-58 
P NS NS NS <0-05 


* 2 mite insensitive patients adopted, so family history not available. 
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Table 3 Age at onset of symptoms and month of birth of asthmatic children with a bronchial reaction to the house 
dust mite compared with asthmatic children with negative skin or bronchial provocation tests to the mite 


Age at onset of symptoms of asthma 








<2 years 2 years 
Mite sensitive 44 25 
Mite insensitive 19 37 
x2 9.85 
P -— 0-005 


Month of birth 


a o — —— ——  ——— — M — 


January-June July- December 


D M 


24 45 
3l 29 


OO 


months of birth compared with the Registrar 
General’s figures for total live births with peaks in 
April to May, and December to January. The mite 
sensitive children were born in greater numbers 
from August to December, when there were fewer 
live births. 


Discussion 


The ‘children for the BPT study were carefully 
selected as having severe perennial asthma. The 
male to female ratio of 2-7:1 was similar to that 
found by McNicol and Williams (1973) in their 
severe asthmatics. Over half had at least one 
first-degree relative with an atopic disease, usually 
a parent. Few accurate figures of the incidence 
of allergy in families of asthmatic patients are 
available. Smith (1974) found that 87% of allergy 
clinic children had positive family histories, but he 
did not distinguish first-degree relatives from others. 

Sarsfield (1974) found a 23 % incidence of wheezing 
precipitated by dust exposure in 133 unselected 
asthmatic children and concluded that history was of 
limited use, but the analysis did not separate mite 
sensitive and insensitive children. We found that a 
positive history of wheezing on dust exposure 
strongly suggested mite sensitivity, and this indicates 
that such a history is useful for identifying perennial 
asthmatics with mite sensitivity. 

Nocturnal wheezing was significantly more com- 
mon in the children with skin hypersensitivity to 
the mite than in those without this allergy. D. 
pteronyssinus is found most often in mattress dust 
and bedding, so nocturnal symptoms may be 
expected to predominate in asthmatics sensitive to 
this allergen. It confirms the uncontrolled observa- 
tion of Morrison Smith (1970) that 82 % of asthmatic 
children with skin test mite sensitivity often had 
nocturnal attacks and had little seasonal variation 
in frequency of symptoms. 

K- The high incidence of asthma deaths in the early 
morning (Cochrane and Clark, 1975) has prompted 
a reinvestigation of nocturnal and early morning 
wheezers (Hetzel et al., 1977). The explanation is 
not clear, but there may be a circadian variation in 
airway calibre which makes wheezing more likely to 


occur after allergen provocation during the night 
(Gervais et al., 1977). Our data suggest that mite 
sensitivity may be an important factor in nocturnal 
asthma at least in childhood. 

A high proportion of children with positive 
results to the BPT had other manifestations of 
allergic disease, 55% with eczema, 54% perennial 
rhinitis, 12% hay fever, and 16% urticaria. Nasal 
symptoms are common in childhood asthma (Viner 
and Jackman, 1976), and the histories suggested that 
these symptoms contributed significantly to our 
patients’ overall disability. The slightly increased 
prevalence of perennial rhinitis in the mite sensitive 
children suggests that this may be another mani- 
festation of mite allergy, although this would require 
confirmation by nasal challenge tests. 

There is no large series of mite BPTs in asthmatic 
children but Aas (1970) reported that 53% of un- 
selected asthmatic children had positive reactions 
after BPTs to house dust extract. House dust and mite 
extracts are not strictly comparable, but the cor- 
relation of positive reactions to the two allergens is 
good (Voorhorst et al., 1969). It is possible that our 
higher incidence of positive BPT reactions to mite 
may result from the fact that our patients had more 
severe perennial asthma. An early age of onset of 
wheezing in the study by McNicol and Williams 
(1973) was associated with more severe disease and 
our mite sensitive children more often developed 
symptoms before 2 years of age than the mite 
nonsensitive children. This provides further indirect 
evidence that mite sensitive asthma is severe. 

The children who had BPTs to D. pteronyssinus 
reacted to a variety of allergens on skin testing. As 
mite is the principal component of house dust 
extract (Voorhorst et al., 1964), it is not surprising 
that more mite sensitive children reacted to house 
dust extract. It is interesting that more also reacted 
to feathers. Wormald (1971) suggested that reactions 
to feathers were caused by mite-allergens in the 
extract, possibly poultry mites with cross-anti- 
genicity with the house dust mite. Fewer mite 
sensitive children reacted to A. fumigatus. As the 
patients were selected with perennial asthma perhaps 
the perennial cause in the mite insensitive patients 
was the mould allergy. 


The different distribution of month of birth 
between the 2 groups of asthmatics was striking. A 
comparison with total live births each month showed 
that the different distribution of month of birth of 
the mite sensitive children was a genuine one, and 
not due to general trends in month of birth. Other 
studies have demonstrated some inconclusive differ- 
ences of birth season in patients with mite sensitivity 
in a small prospective study (Soothill er al., 1976); 
seasonal or perennial symptoms (Pearson ef al., 
1977); and skin test reactions to mixed allergen 
preparations (Bjorkstén and Suoniemi, 1976). This 
study is the first to show clear differences in month 
of birth in asthmatic children with an accurately 
identified allergy to D. pteronyssinus. 

The largest number (26) of mite sensitive asth- 
matics were born in the quarter October to Decem- 
ber and the smallest (9) in April to June. These 
quarters correspond respectively to the finding of 
the highest and lowest frequencies of live. mites in 
house dust (Blythe, 1976). The development of 
allergy may be associated with a period of suscepti- 
bility to sensitisation in early infancy. This was 
suggested by Taylor et al. (1973) who demonstrated 
an association between the delayed development of 
serum IgA in infants who subsequently had eczema 
and positive results to skin tests. This idea is sup- 
ported by the data presented, with mite sensitive 
asthmatic children being born at times when they 
would have a high mite exposure during their early 
months of maximum susceptibility to sensitisation. 
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Severe ventilatory failure in asthma in children 


Experience of 13 episodes over 6 years 


H. SIMPSON, I. MITCHELL, J. M. INGLIS, AND D. J. GRUBB 
From the University Department of Child Life and Health, Edinburgh, Royal Hospital for Sick Children, 


Edinburgh, and City Hospital, Edinburgh 


SUMMARY During the 6-year period from 1 October 1971 to 30 September 1977, 13 (about 197) 
of 1225 admissions to hospital with asthma developed severe ventilatory failure (peak arterial 
Pco, >8 kPa). Mean age was 4-1 years (2-3-7-9), and on average each patient had been admitted 
to hospital on 5 occasions during the preceding year. 11 gave a family history of asthma or a personal 
history of associated allergies. A viral upper respiratory tract infection was the commonest pre- 
cipitant of wheeze, and in 7 patients the duration of wheeziness before admission to hospital was 
12 hours or less. Six (0:577) patients were treated by mechanical ventilation and all survived. The 
changing patterns of management during the study period are reviewed. 


Acute attacks of asthma in children can generally 
be relieved by sympathomimetic drugs or corti- 
costeroids. Some patients do not respond satis- 
factorily and various treatments have been suggested 
for them. Recommendations include the use of 
aminophylline (Maselli et al., 1970), salbutamol by 
inhalation (Berg, 1973), or IV infusion (Phelan and 
Stocks, 1974), or isoprenaline by constant IV 
infusion (Wood ef al., 1972; Parry et al., 1976). 
Mechanical ventilation is advocated for the oc- 
casional patient who deteriorates despite these 
measures (Downes and Striker, 1966; Wood et al., 
1968). We have attempted to characterise the small 
group of asthmatic patients who develop severe 
ventilatory failure during attacks despite con- 
ventional medical treatment, with particular refer- 
ence to age, previous history, mode of presentation, 
and the relation of clinical and blood gas findings, 
from experience gained during a 6-year period. 


Patients 


During the period 1 October 1971 to 30 September 
1977 acute asthma and ‘wheezy bronchitis’ in 
children over the age of 2 accounted for 1225 
admissions to the general medical wards at the 
Royal Hospital for Sick Children, Edinburgh—i.e. 
5-6% of all admissions to these wards. Monitoring 
of blood gas tension and [H^*] was considered 
necessary for management in some 30% of patients 
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and this proportion varied little from year to year. 
CO, retention (Pco,>6 kPa) was uncommon (14%), 
and severe ventilatory failure with peak Pco, >8 
kPa (460 mmHg) was present in only 11 (3%) 
patients. These 11 patients (13 admissions) are 
reported. They are at one end of the severity 
spectrum for asthmatic children admitted to 
hospital and represented only 1% of all asthma 
admissions to the hospital during the period. 

Table 1 gives the clinical details of these patients. 
They were mainly preschool children, 9 of the 11 
being less than five, and had a history of eczema or 
other allergies, and a strong family history of asthma. 
Eosinophilia (> 10-0 x 10?/I) in peripheral blood had 
been demonstrated previously in all but 2 patients 
(Cases 8 and 9). Positive skin prick reactions 
(weal>5 mm) to one or more allergens were 
obtained in 5 of 8 patients. Ten patients had been 
admitted to hospital with asthma previously and 
were on regular prophylactic medication. 

Table 2 summarises details of asthmatic attacks. 
Most patients on arrival in hospital were distressed 
with central cyanosis, sweating, tachypnoea, and 
tachycardia. Three were semicomatose with dimin- 
ished conscious level and 3 were comatose with little 
or no response to painful stimuli. In fully conscious 
patients the respiration rate varied between 40 and 
80/min and pulse rate between 130 and 180/min. 
Arterial blood samples were obtained immediately 
or within one hour of arrival in hospital in all but 2 
(Cases 1 and 6). Wheeziness had usually built up 


Severe ventilatory failure in asthma in children 715 








Table 1 Clinical details of patients 
Case Age Nearest growth Eczema and/or First-degree No. of previous Regular 
no. Sex (years) centile other allergies relatives hospital admissions prestudy treatment 
asthma and/or 
Height Weight other allergies 
1 M 3-0 50 90 — ES 8 Salbutamol (O) 
2 M 4-7 50 75 T + l Salbutamol (O) 
3 M 7-9 3 3 + + 5 Salbutamol (O) 
Beclomethasone (I) 
4 F 3-3 10 25 Ed + E Salbutamol (O) 
Cromoglycate (I) 
5 F 4-0 50 3 -— T 4 Salbutamol (O) 
Theophylline (O) 
6a M 2.5 75 75 4 + 9 Salbutamol (O) 
6b M 3-0 90 97 + + 12 Salbutamol (O) 
Cromoglycate (IN) 
6c M 3-2 90 97 + + 13 Salbutamol (O) 
Cromoglycate (IN) 
7 F 2.5 75 97 + + + Salbutamol (O) 
8 F 2.3 75 75 — + l Salbutamol (O) 
9 M 6-7 75 75 -- — 0 — 
10 M 6-1 75 50 + + 10 Salbutamol (0O) 
Cromoglycate (D 
11 F 3.5 3 3 + + 7 Orciprenaline (O) 


O —oral; I=inhalation; IN=inhalation (via nebuliser). 


quickly and in several patients a life-threatening 
attack of asthma developed within a few hours of 
the onset of wheeze. An upper respiratory tract 
infection (cold) was the commonest apparent 
precipitant, with coryzal symptoms preceding 
wheeziness by one or 2 days. 

On admission Hb levels ranged from 10:5 to 
14:2 g/dl (mean 12-1) and white cell counts from 
10-4 to 27:9 x 10?/1 (10-4 to 27-9 x 10?/mm?) (mean 
17:4x10?/1; 17:4 x 10?/mm?) with a marked neutro- 
phil preponderance. Serum Na, K, Cl, and urea 
concentrations were within normal limits in measure- 
ments made before 'rehydration', and serum osmol- 
ality varied between 277 and 288 mOsm/kg except 
in one patient (Case 3, serum osmolality 305 
mOsm/kg). Chest x-rays all showed signs of over- 
inflation, associated with ‘probable inflammatory 
changes’ at one or other lung base in 8 cases. 
Staphylococcus pyogenes (Case 6a) was the sole 
pathogen from nasal and throat swabs, and or- 
ganisms (pneumococci) were isolated from bronchial 
secretions obtained at the start of mechanical 
ventilation in only one patient (Case 8). Blood 
culture in 8 admissions was negative. Viruses (RSV, 
rhinovirus, or parainfluenza virus) were isolated 
from nasopharyngeal secretions, or infection in- 
ferred serologically from a 4-fold rise in antibody 
titre in 7 of 12 admissions (Table 2). 

Our plan of treatment was not static during the 
6-year study period. The use of isoprenaline by 
constant IV infusion, and its subsequent replace- 
ment by IV salbutamol in patients with ventilatory 
failure who otherwise would have been treated by 
mechanical ventilation, were the main innovations. 


We used the following general regimen (Tables 2 
and 3). 

1. IV fluids, 110-150 ml/kg per day (5% dextrose in 
0:459, saline). There was no severe dehydration 
in our cases as the duration of illnesses had been 
short. Potassium supplements (3 mEq/kg per day) 
were given during recovery. 

2. Systemic bronchodilators: IV aminophylline 4 
mg/kg for 20-30 minutes every 6 hours. 


3. B-Receptor stimulants: salbutamol respirator 
solution (0:597), was administered via a face mask 
and Wright's nebuliser in a dosage of 0-03-0-05 
ml/kg 4-hourly to four patients (Cases 5, 6c, 10, 
and 11). Salbutamol, 3-4 ug/kg, was infused IV for 5 
min every 3 or 4 hours in four patients (Cases 2, 4, 6a, 
and 9). Salbutamol, 5-6 ug/kg (loading dose), IV 
over 5 min, followed by continuous IV infusion, 
0-1-0-3 ug/kg per min was given to two patients 
(Cases 5 and 10). 

4. Corticosteroids: IV hydrocortisone 100 mg 2- to 
6-hourly. 

5. Sodium bicarbonate (8:397), IV in a dosage of 
1:5-6:0 mEq/kg to correct metabolic acidosis or 
‘defend’ hydrogen ion [H*] during preparations for 
mechanical ventilation (Cases 6b, 7-9, and 11). 

6. Oxygen, given by face mask or tent. A concen- 
tration of 40% was usually adequate to correct 
arterial hypoxaemia and maintain arterial Po, 
between 12 and 14 kPa. Pco, was monitored during 
treatment. 

7. Antibiotics: ampicillin 50 mg/kg per day in 4 
doses, pending the results of sputum or bronchial 
secretion cultures. 
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8. Isoprenaline, constant IV infusion of 0:1-0:3 
ug/kg per min in patients with progressive venti- 
latory failure despite other treatments (Cases 4, 6a, 
6b, and 10). 

The importance of monitoring arterial pH, 
Pco, and Po, in severe acute asthma has been 
stressed (Simpson ef al., 1968). Our patients were 
treated in a respiratory intensive care unit and 
arterial or arterialised capillary blood gas tensions 
were monitored repeatedly. Percutaneous catheteris- 
ation of the radial artery (for blood sampling and 
direct arterial pressure recording) was invaluable in 
3 patients (Cases 6a, 9, and 10). Intermittent 
positive pressure ventilation (IPPV) using a mech- 
anical ventilator was used according to clinical 
assessment and measurement of blood gas tensions 
when medical treatment ‘failed’. Our techniques 
were similar in principle to those described for the 
management of ventilatory failure in bronchiolitis 
and pneumonia (Simpson ef al., 1974a) with minor 
practical differences. The transition from spon- 
taneous breathing to mechanical ventilation was 
greatly helped by using ketamine 2 mg/kg IV and 
atropine 0-12 mg/kg before intubation. Oral 
intubation preceded nasotracheal intubation (Portex 
Blue-line tube) and muscle relaxation was achieved 
by pancuronium bromide 0:1 mg/kg IV, repeated 
every 2 or 3 hours. Diazepam 0-1-0-2 mg/kg IV 
was given 4-hourly to maintain sedation. Mech- 
anical ventilation was provided by a volume-cycled 
ventilator (latterly the Drager Spiromat 760) at a 
respiratory rate of 15-30/min and inspiratory: ex- 
piratory ratio of 1: 2. In each case there was adequate 
ventilation with a mean airway pressure —60 cm 
H,O. The average duration of mechanical venti- 
lation was 15 hours (11-18) in the 6 patients (Cases 
6c-11) treated by this means. 

Virological and blood gas analytical methods have 
been described (Simpson et al., 1974b). 


Results 


Six patients (Cases 6c-11) were treated by mech- 
anical ventilation. Arterial blood gas analysis was 
delayed for several hours in 2 (Cases 1 and 6a) who 
did not at first seem unduly ill, but in whom clinical 
severity increased after admission to hospital; 
ventilatory failure was diagnosed when PCO, was 
measured. Table 3 gives individual acid-base values 
for all patients at various stages of their illnesses. 
Peak arterial Pco, values obtained within 6 hours of 
initial measurements show that CO, retention 
increased in most patients after admission to 
hospital. Recovery data were obtained at a time 
when patients were obviously improving clinically 


Severe ventilatory failure in asthma in children 717 
after medical treatment alone or in conjunction 
with IPPV (Cases 6c-11). 

The use of isoprenaline, and latterly salbutamol, 
by constant infusion probably obviated the need for 
mechanical ventilation in 4 patients (Cases 4, 5, 
6a, and 6b). IPPV was used in patients in whom the 
clinical state deteriorated and ventilatory failure 
increased despite medical treatment (Cases 6c-11). 
The mean arterial Pco, of these patients just before 
IPPV was 12 kPa (8: 7-14-2). Our complication rate 
was low. Subcutaneous emphysema around the neck 
was noted in one patient (Case 11) and another 
(Case 10) developed mild postextubation croup. 
Secondary bacterial infection during mechanical 
ventilation was avoided. 

The different modes of presentation and the 
effectiveness of treatment in restoring normal 
ventilation and preventing asphyxia are illustrated 
by the following case reports. The corresponding 
acid-base data are presented graphically on the acid- 
base diagram of Flenley (1971). All patients in the 
series recovered. 


Case reports 
Case 2. A 4-year-old boy admitted with severe acute 
asthma, with hypoxaemia (arterial Po, 7 kPa), 


respiratory acidosis, and mild metabolic acidosis 
when breathing air (Fig. 1). Within 6 hours Pco, 
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X Initial arterial data. Peak Pco2 after 5 hours. 


Fig. 1 Case 2. Acid-base state of arterial or 
arterialised capillary blood over 48 hours. 
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exceeded 10 kPa despite salbutamol 4 ug/kg IV 3- 
hourly, aminophylline 4 mg/kg IV 6-hourly, hydro- 
cortisone 100 mg IV 2-hourly, and oxygen (40-50%). 
This drug regimen was continued and inspired O, 
reduced to 28-30%. Within a further 12 hours Pco, 
had fallen to near 7 kPa. Normal data were obtained 
after 48 hours. Throughout his arterial Pco,/ 
hydrogen ion [H*] relationship moved along the 
acute whole body CO, titration line. 


Case 4. A 3-year-old girl was admitted with severe 
acute asthma with hypoxaemia (arterial Po, 7:3 
kPa), respiratory acidosis, and mild metabolic 
acidosis when breathing air (Fig. 2). She was 
treated initially with aminophylline 4 mg/kg IV 
6-hourly, salbutamol 3 yg/kg IV 4-hourly, and 
hydrocortisone 100 mg 2-hourly. During the first 
12 hours improvement was followed by deterioration 
in her acid-base state. At peak Pco, (8:5 kPa) 
constant infusion of isoprenaline 0-1-0-3 ug/kg per 
min was started. Improvement was dramatic; her 
conscious level improved and within 4 hours 
Pco, and (H*] had returned to within the normal 
range. Her peak pulse rate was 190-200/min during 
the isoprenaline infusion which was continued for 
24 hours. Final acid-base values were obtained after 
72 hours. 
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[H*] nmol /| 
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X Initial arterial data. 
I Isoprenaline infusion started after 14 hours—at peak Pco;. 


Fig. 2 Case 4. Acid-base state of arterial or 
arterialised capillary blood over 72 hours. 


Case 5. A 4-year-old girl was admitted with acute 
asthma, with a Pco, of 5-5 kPa and mild metabolic 
acidosis breathing air (Fig. 3). She was treated 
initially with salbutamol respirator solution (0-597) 
in a dosage of 0:5 ml in 2-0 ml saline nebulised via 
a face mask for 10 minutes. This was followed by 
aminophylline 4 mg/kg IV 6-hourly, and hydro- 
cortisone 100 mg IV 4-hourly. During the first 5 
hours there was gradual clinical deterioration and 
increasing CO, retention, breathing 30-40% Oy. 
At peak Pco, (10-0 kPa) she was given salbutamol 
5 pg/kg IV (loading dose), followed by 0-1-0-3 
ug/kg per min by constant IV infusion. Within 30 
min Pco, had fallen to 8:3 kPa and after 9 hours 
Pco, and [H^] had returned to within the normal 
range. Her peak pulse rate was 160/min during the 
salbutamol infusion which was continued for 30 
hours. Final acid-base values were obtained after 
38 hours. 


Case 10. A 6-year-old boy was admitted from a 
neighbouring hospital where he had been treated 
for some 12 hours for severe acute asthma, with 
little response to corticosteroids, aminophylline, or 
terbutaline IV. His respiration rate was 50/min and 
pulse rate 160/min. He had severe respiratory 
acidosis and mild metabolic acidosis (Fig. 4) and 
Po, was 9-6 kPa breathing 30% O,. He was given 
1-0 ml nebulised salbutamol (0-5 ° respirator solu- 
tion) on admission and hydrocortisone 100 mg IV 
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Fig. 3 Case 5. Acid-base state of arterial or 
arterialised capillary blood over 38 hours. 
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Fig. 4 Case I0. Acid-base state of arterial or 
arterialised capillary blood over 24 hours. 


4-hourly was continued. Salbutamol was infused 
continuously during the first hour in a dosage of 
10 ug/kg per hour. This was followed by isoprenaline 
infusion, starting with 0-1 ug/kg per min and 
increasing to 0:3 ug/kg per min. Peak Pco, was 
11:4 kPa and pulse rate 190/min after 2 hours of 
this treatment. A decision was then made to proceed 
to mechanical ventilation using the Dräger Spiro- 
mat ventilator. Pco, and [H+] returned to within 
normal limits within 6 hours and weaning was 
completed after 18 hours. Throughout he remained 
on aminophylline 4 mg/kg IV 6-hourly and hydro- 
cortisone 100 mg/kg IV 4-hourly. 


Case 9. A 6-year-old boy was admitted with severe 
acute asthma induced by exercise. He was cyanosed, 
unresponsive to pin-prick, with minimal wheeze, and 
markedly diminished breath sounds. He had severe 
respiratory acidosis and mild metabolic acidosis 
(Fig. 5). Arterial Po, was 13:4 kPa breathing O» 
by face mask. He was given hydrocortisone 150 mg 
IV and sodium bicarbonate 6 mEq/kg IV. Within 30 
min [H+] had fallen to 62 nmol/l (7:21 pH) with little 
change in Pco,. Mechanical ventilation was started 
within one hour of admission using the Dräger 
Spiromat ventilator and an hour later acid-base 
variables were within normal limits. He was allowed 
to breathe spontaneously after 3 hours of mechanical 
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Arterial Pco, ( kPa) 


X Initial arterial data. 
[] Post NaHCO;. 
A During IPPV—started after 1 hour—at peak Pco;. 


Fig. 5 Case 9. Acid-base state of arterial or 
arterialised capillary blood over 22 hours (see text). 


ventilation and again developed severe respiratory 
acidosis (PCO,~10 kPa). Mechanical ventilation 
was restarted with a return to normal acid-base 
state within 2 hours. The total period of mechanical 
ventilation was under 12 hours. Hydrocortisone 
100 mg and salbutamol 4 ug/kg were continued IV 
4-hourly throughout. Final acid-base measurements 
were made after 24 hours. 


Discussion 


The patients in this series constituted only 1% of all 
admissions to hospital with asthma or ‘wheezy 
bronchitis’ over the age of 2 during the 6-year 
observation period. Most were known asthmatics of 
preschool age in whom maintenance drug treatment 
had proved inadequate to prevent life-threatening 
attacks of asthma. The prophylactic value of drugs 
such as cromoglycic acid (Intal) (Jones and 
Blackhall, 1970) and beclomethasone (Becotide) by 
metered aerosol (Morrow Brown et al., 1972) is well 
recognised in children old enough to use them 
properly; lack of co-operation preclude their use in 
many younger children. Most doctors are also 
reluctant to use systemic corticosteroids on a long- 
term basis in these patients, and oral preparations 
of drugs—such as orciprenaline, salbutamol, or 
theophylline—singly or in combination, have tended 
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to become the mainstays of long-term drug manage- 
ment (Williams and Phelan, 1975). Unfortunately 
these do not always confer adequate protection 
against further attacks. 


We have recently been impressed with the effective- 
ness of salbutamol respirator solution 0-5% in the 
home management of selected patients. This in- 
volves the use of a portable air compressor and the 
inhalation of nebulised salbutamol through a 
closely fitting face mask. The dose recommended is 
0:03-0:05 ml/kg body weight (P. D. Phelan, per- 
sonal communication), the volume being adjusted 
to 2 ml by adding normal saline. This treatment 
started at the onset of coryzal symptoms and 
repeated 3- to 4-hourly may abort an attack at an 
early stage. Persistent wheeziness despite this treat- 
ment is an indication for hospitalisation. 

The duration of wheeziness before admission was 
12 hours in fewer than 7 patients. Attacks of asthma 
had built up quickly and ventilatory failure ensued 
within hours of the onset of wheeze, and not after 
several days as is usual in potentially fatal asthma in 
the adult (Macdonald et al., 1976). In these circum- 
stances treatment must be available quickly and if 
a delay is likely, direct access to hospital is essential. 
This arrangement, agreed by parents and general 
practitioners, has proved most satisfactory and 3 of 
cur patients were admitted without first being seen 
by their own doctors. 


The severity of asthmatic attacks was recognised 
in the emergency admitting department in 11 of our 
admissions and blood gas analysis quickly carried 
out. Initial severity may however have been under- 
estimated in 2 patients (Cases 1 and 6a) in whom 
ventilatory failure was diagnosed when arterial 
Pco, was measured several hours after admission. 
IV corticosteroids and aminophylline were pre- 
scribed immediately in each case, yet arterial Pco, 
generally increased during the next 6 hours. This 
may have been owing to the apprehension and 
panic which sometimes accompany severe respira- 
tory distress, or to increasing tiredness and im- 
pending exhaustion. The question of the adequacy 
of initial treatment also arises. Our dosage schedule 
for aminophylline was slightly lower than that 
considered optimal (Piafsky and Ogilvie, 1975) when 
facilities for monitoring blood levels of theophylline 
are available, whereas our corticosteroid regimen 
was higher than that recommended by Pierson et al. 
(1974). Salbutamol dosage accorded with earlier 
recommendations (Berg, 1973; Phelan and Stocks, 
1974). Uncontrolled O, may have been a factor in 
aggravating CO, retention (Simpson ef al., 1968), 
especially in 3 patients (Cases 2, 5, and 6c) who were 
treated with 30-50% O, initially. The use of sodium 


bicarbonate in the treatment of status asthmaticus 
has been described by Mithoefer et al. (1968). It is 
indicated for the correction of metabolic acidosis, 
especially in the resuscitation of near-moribund 
patients (e.g. Case 9, Fig. 5) and to prevent a further 
rise in [H^] while preparations are made for mech- 
anical ventilation (Simpson, 1973). The infusion of 
sodium bicarbonate almost certainly contributed to 
an increase in Pco, in 3 patients (Cases 6b, 7, and 11 
although in one there was a concomitant fall in 
[H"]. 

Wood et al. (1972) and Parry et al. (1976) have 
reported their experience with the constant IV 
infusion of isoprenaline in the treatment of life- 
threatening acute asthma. This treatment has been 
used with success in patients with a rising Pco, at 
a stage when mechanical ventilation seemed the 
next logical step in management. Parry et al. (1976) 
reported a mean decrease in Pco, of 2-4 kPa (18 
mmHg) in 27 patients with CO, retention (mean 
Pco; 7 kPa) within 4 to 4 hours of starting treatment. 
The efficacy of this treatment was demonstrated in 
3 of our patients (Cases 4, 6a, and 6b) in whom 
arterial PCO, was rapidly restored to normal, but in 
a 4th (Case 10, Fig. 4) CO, retention increased 
despite isoprenaline, and IPPV was used. In the 
present series the use of salbutamol by inhalation or 
intermittent IV infusion (for 5 minutes) was without 
lasting benefit. However in one patient (Case 5) 
salbutamol by constant IV infusion was effective in 
restoring normal ventilation without the tachy- 
cardia invariably present with isoprenaline. When 
equivalent doses of isoprenaline and salbutamol 
IV in man are compared, the former is 5 times more 
potent as a bronchodilator, and has a 10 times 
greater effect on heart rate (Marlin and Turner, 
1975). Salbutamol by constant IV infusion has 
therefore fewer cardiac side effects and is now our 
first choice $-stimulant. 

We adopted the general criteria for mechanical 
ventilation suggested by Wood et al. (1968). In 
deciding on this means of treatment, the risks of 
continuing conservative medical management have 
to be weighed against the possible hazards of 
mechanical ventilation. The decision to ventilate is 
always difficult as there are no precise criteria. This 
treatment should be limited to well equipped centres 
with experience in dealing with such problems. 
Fortunately our complication rate was low and 
hazards—such as pneumothorax, vomiting, and 
aspiration, subglottic stenosis, and long-term neuro- 
logical sequelae—were avoided. 


We thank Professor J. O. Forfar for encouragement; 
many junior staff members for assistance in managing 


patients; the nursing staff in the Respiratory Care 
Unit; laboratory staff who provided the blood gas 
service; and Mrs D. Tervit who typed the manu- 
script. 
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Cockayne's syndrome and emphysema 


MARY CUNNINGHAM, S. GODFREY, AND W. M. V. MOFFAT 


From the Department of Paediatrics and Neonatal Medicine, Hammersmith Hospital, London 


SUMMARY A 5-year-old boy with Cockayne's syndrome is described. In addition to the recognised 
clinical features, he presented with severe fixed airways obstruction, and investigations confirmed 
clinical and physiological emphysema. In a disorder associated with many of the features of aging, 
it is probable that the presence of relative a-l-antitrypsin deficiency (1:5 g/l) in a child with Piyz 


phenotype, contributed to his severe lung disease. 


The progressive nature of Cockayne's syndrome was 
well illustrated by the first 2 cases he described 
(Cockayne, 1936). Ten years later (Cockayne, 1946) 
the’ predominant clinical features had changed from 
cachectic dwarfism with a scaly erythematous derma- 
titis and a ‘pepper-salt’ choroidoretinitis, to blind- 
ness caused by optic atrophy and cataracts, severe 
mental retardation, and joint contractures. The 
striking wizened appearance has been likened to 
progeria (Neill and Dingwall, 1950) and necropsy 
findings have included extensive atheroma, vascular 
calcification, and other evidence of aging—such as 
excessive collagen in the meninges (Crome and 
Kanjilal, 1971). We report a child with Cockayne’s 
syndrome who additionally had clinical and physio- 
logical features of emphysema—a degenerative 
condition of the lung usually seen in old age. 


Case report 


History. This boy was a normal delivery at term 
with a birthweight of 2-7 kg (3rd to 10th centile). 
The neonatal period was normal; the mother was 
uncertain of his early milestones but at 22 months 
he was referred to hospital by his family doctor 
because of failure to thrive. At that time, his weight 
(8-6 kg) and length (72 cm) were well below the 3rd 
centiles and his head circumference was just below 
the 3rd centile. He was walking with help and spoke 
single words. 

After preliminary outpatient investigations includ- 
ing a chest x-ray which was normal, he came twice to 
follow-up and then failed appointments until 
January 1976, aged 43, when he was admitted to 
hospital with signs of a chest infection. The mother 
said he had been unwell with a cold for a month, 
but the admitting doctor described him as ‘emaciated, 
dehydrated, and desperately ill’. He was said to have 
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completed immunisation and had had no previous 
chest illness but the history was considered unreliable. 
After initial clinical studies he was transferred to 
Hammersmith Hospital for further investigations. 


Family history. There was no history of chest disease 
in either parent or his two siblings. The patient’s 
3-year-old brother, whom we examined, was of 
normal body proportions and taller than the 
patient (Fig. 1 and Table 1). 


Examination. The child was emaciated and dys- 
pnoeic, with a wizened appearence (Fig. 1). The 
facies showed enophthalmos, prominent cheekbones, 
and large ears; the teeth were carious. The hands and 
feet were large in proportion to the size of the child. 
He was pigeon-chested with an overinflated chest, 
and was using accessory muscles of respiration and 
the alae nasae. The respiratory rate varied from 20 
to 30 per minute but there was no cyanosis OF 
clubbing. The chest percussion note was hyper- 
resonant and there were coarse crepitations at the 
right base with generalised rhonchi. 

Examination of the CNS revealed a child of low 
intelligence who spoke in sentences of only 2 or 3 
words. The fundi showed extensive abnormal 
pigmentation but no optic atrophy and there were 


Table 1 Anthropometry 


Patient (5 years I month) Brother (3 years 8 months) 


——— —  ———— 


Measured Expected Centile Measured Expected Centile 





value mean value mean 
Re 

Head 

circum- 

ference 

(cm) 49-0 52-0 3 50.5 51 50 
Height 

(cm) 92.0 109-0 <<3 101-0 99 50-75 
Weight 

(kg) 10-75 18-75 e335 15.5 16 25-50 


a o  nnnUMEIU! 
Patient: span 100 cm; crown to pubis 45-0 cm; upper/lower ratio 0-95. 
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Fig. 1 Patient on right with brother, 17 months younger. 
Difference in crown[pubis length can be seen, as well 

as the relatively large hands, and the barrel-shaped chest 
deformity in the patient. 


no cataracts. The eye movements were full and there 
Was no nystagmus. His hearing was not fully 
assessed. In the peripheral nervous system, there 
Was no gross muscle wasting, the deep tendon reflexes 
Were not exaggerated, and the plantar responses 
flexor. His activity was limited by exertional dys- 
pnoea but unsteadiness was noted in the upper limbs. 
He showed normal withdrawal response to pin 
prick but full sensory testing was not possible. 


Investigations. Hb 11-4 g/dl; WBC 11-6 x 109/1 
(11-6 x 10?/mm?) (neutrophils 65°, lymphocytes 
25%, monocytes 9 %, eosinophils 1 79). Blood chemis- 
try, including liver function tests and lipids: normal. 
Chest x-rays, overdistended lungs with flattened 
diaphragm, and relative translucency of both lower 
zones, patchy shadowing in both lungs. ECG: 
normal. Virology screen, including adenovirus and 
influenza titres, negative. Bacteriology, nose and 
throat swabs negative. Sweat Na, 24 mmol/l (weight 
0-444 g). Normal growth hormone response to 
hypoglycaemia. 
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Arterial blood gas measurements (Table 2) were 
made using local anaesthesia breathing air and 
10075 O, by facemask. The child was hypoxic at 
rest and although this was corrected by breathing 
O», Pco, rose considerably. Regional lung function 
studies using radioactive Ns (Ronchetti et al., 1975) 
showed gross ventilation-perfusion imbalance in all 
areas, with underventilation and underperfusion of 
both lower zones (Fig. 2). 
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Fig. 2 Radioisotopic lung function tests after 
inhalation (a) and infusion (b). Lungs are divided into 

4 zones and shaded areas represent the range of normal 
washout curves. Low peak counts in lower zones for 
both studies indicate underventilation and 
underperfusion of these regions, and the grossly delayed 
washout of radioactivity by breathing after the infusion 
indicated severe ventilation-perfusion imhalance, again 
worse in the lower zones. 
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Motor nerve conduction, right ulnar—26-5 m/s, 
right posterior tibial 30-0 m/s (both slow). 

IQ assessment, retarded language development (33 
years); perception of form with normal limits. 

x-1-Antitrypsin levels and phenotype status of the 
patient and his close relatives (Table 3) showed them 
all to be heterozygotes (Piyz) and relatively deficient 
in the enzyme with levels ranging from 0-9 to 2-0 g/l 
(normal range 2-0-4-0 g/l, homozygotes — 0-5 g/l). 


Discussion 


This boy shows the cardinal features of Cockayne's 
syndrome as first described in 1936—cachectic 
dwarfism with microcephaly, mental subnormality, 
and a pigmentary retinopathy. Earlier reports of 
the syndrome have likened it to progeria (Moossy, 
1967) but the progressive intellectual deterioration 
seen in Cockayne’s syndrome is not a feature of the 
latter. More recent reports (Norman and Tingey, 
1966; Rowlatt, 1969; Crome and Kanjilal, 1971) 
have shown that patchy demyelination is a feature of 
brain necropsies, and Moosa and Dubowitz (1970) 
confirmed peripheral neuropathy in a patient who 
also had evidence of segmental demyelination on a 
sural nerve biopsy. These findings, supporting pro- 
gressive demyelination, are evidence for Cockayne’s 
syndrome being a form of leucodystrophy, but 
despite extensive study no consistent biochemical 
abnormality has been found. Reports of several 
affected members in a family (Paddison et al., 1963) 
and consanguinity in the parents, suggest autosomal 
recessive inheritance. 

Chest illness has rarely been reported in Cockayne’s 
syndrome except as a terminal event. Pigeon-chest 
deformity is, however, common and one such 
patient was reported at necropsy to show emphysema 
and changes of acute on chronic bronchitis (Riggs 
and Seibert, 1972). Another patient at necropsy 


Table 2 Arterial blood gases 





Air 100% Oz 
i MEME EL LL man 
pH 7-41 7-23 

kPa (mmHg) kPa (mmHg) 
PO, 7.5 (56) 32.0 (240) 
Pco. 4.4 (33) 7.0 ( 53) 


Table 3 a-1-Antitrypsin levels and phenotype of 
patient, parents, and siblings 








a-I-Antitrypsin (g/l) Phenotype 
ee 
Patient 0-9 (repeat 1-5) Piuz 
Father 1-4 Piuz 
Mother 2.0 Piuz 
Brother 1-8 Pimz 
Sister 1-3 Pimz 


SA 


showed overdistension of the lungs but there was no 
mention of chest deformity (Rowlatt, 1969). Review 
of the literature shows 14 cases of Cockayne’s 
syndrome with chest deformity (out of a total of 34) 
and 8 necropsy reports, but apart from those men- 
tioned above the only pulmonary abnormalities 
noted were bronchopneumonia and pneumonia. 

Our patient presented with major respiratory 
difficulties. The wizened appearance and dyspnoea 
even at rest were reminiscent of an elderly patient 
with emphysema of the type A ‘pink puffer’ (Burrows 
et al., 1964). However, although his blood gases in 
air were consistent with this type of disturbance, he 
showed the pattern more commonly seen in patients 
with chronic bronchitis in whom the Pco, rises to 
dangerous levels when given high O; concentrations 
to breathe. Because of the child's poor co-operation, 
it was not possible to get a reliable measurement of 
lung mechanics, but à trial of corticosteroids and 
high dose theophylline produced no clinical improve- 
ment. " 

It is well known that patients with severe a-1- 
antitryspin deficiency (the homozygote Pizz) have 
a high incidence of early panacinar emphysema 
(Eriksson, 1964) which particularly affects the lower 
lobes (Welch ef al., 1969), but whether the heterozy- 
gous state Piyz is a significant risk factor in the later 
development of emphysema is still under discussion. 
Morse et al. (1975) reported a community study in 
Arizona measuring trypsin inhibitory activity (but 
not analysing phenotypes) and found no difference 
in the incidence of pulmonary disease among those 
with an intermediate level of x-1-antitrypsin (assumed 
heterozygotes) and normal people. A more recent 
study of 1995 workers over the age of 35 in Northern 
Ireland (Cole et al., 1976) showed no increased 
respiratory symptomatology or higher incidence of 
airways obstruction in Piyz individuals than the 
Pi, members of the population. However, Cooper 
et al. (1974) looking at lung function in more detail 
found lower arterial Pos values, a lower maximum 
expiratory flow, and loss of elastic recoil in the 
heterozygote, more pronounced in heavy smokers 
with Piyz phenotype. 

Even in Pizz individuals, respiratory symptoms 
do not usually occur until the 3rd decade. Talamo 
et al. (1971) reported a child in whom dyspnoea 
began at age 18 months and whose lungs on 
biopsy showed panacinar emphysema. Serum o-1- 
antitrypsin levels were 0-1 and 0-2 g/l, and later 
phenotyping showed Piz?. It was postulated that 
measles bronchopneumonia may have contributed 
to the early onset of her pulmonary disease. The 
child reported in this paper had no previous respira- 
tory illness, nor had he had measles. 

Obstructive lung disease has also been reported in 


two siblings with homozygous «-l-antitrypsin 
deficiency, who also had perilobular cirrhosis on 
liver biopsy (Glasgow ef al., 1973). Houstek ef al. 
(1973) reported a 13-year-old child with x-ray 
changes of bullous emphysema in the left lower lobe, 
in whom the trypsin inhibiting capacity was in the 
homozygous range. There are no reports of inter- 
mediate x-l-antitrypsin levels being associated with 
lung disease in children. 

Although bronchopneumonia may be the terminal 
illness in patients with Cockayne’s syndrome, chest 
illness is not a common feature of the disorder. Most 
necropsy material confirms patchy demyelination 
in the brain but lung pathology has not been looked at 
in detail. The one case reported by Riggs and Seibert 
(1972) who had post-mortem evidence of emphysema, 
was a boy who died at age 7. No mention is made of 
previous chest illness, but as most patients with 
Cockayne’s syndrome survive beyond the first 
decade, respiratory illness may have contributed to 
this child's earlier death. Until further data are 
available on lung disease in these patients, the 
relevance of emphysema to Cockayne's syndrome in 
our patient remains uncertain. However, as in adult 
cases of «-l-antitrypsin deficiency, the lower lobes 
were most affected and it is interesting to speculate 
that in a disorder associated with some of the patho- 
logical features of the aging process, the associated 
relative «-l-antitrypsin deficiency in this child has 
produced the features of an aging lung. 


Measurements of a-l-antitrypsin and phenotype 
were made at the Hallamshire Hospital, Sheffield. 
M.T.C. was in receipt of a grant from Action 
Research for the Crippled Child. 
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SUMMARY One-third of 327 newborn infants referred to the perinatal service of the Hospital for 
Sick Children during 1975 with suspected cardiopulmonary disorders proved to have nonstructural 
heart disease. Most of these were term infants with transient tachypnoea or cyanosis who recovered. 
A history of fetal distress or difficult delivery was commonly associated. The haemodynamic dis- 
order for most was a delay in the normal progress of the transitional circulation. Evidence of myo- 
cardial ischaemia was present in 4096, and about half of these developed congestive heart failure. 
Aids to diagnosis of the ischaemic complication included echocardiography and myocardial 
perfusion scanning. For a small proportion specific metabolic disturbances, myocarditis, or dys- 
rhythmia seemed the primary cause but even for these there were reasonable grounds to suspect 


a prenatal origin. Current general supportive measures were of value in treatment. 


Congenital malformations of the heart constitute an 
important diagnostic and management problem in 
infancy. Over one-third of these patients have 
critically severe congenital heart disease and are 
usually identified very early because of the develop- 
ment of cyanosis or congestive heart failure (Rowe, 
1970; Mitchell et al., 1971; Campbell, 1973; Nadas 
et al., 1973). 

It has been recognised for many years that there 
exists another group of newborn infants who present 
with signs suggestive of heart disease, often of a 
rather severe nature, in whom the basis for the 
clinical picture has eventually proved not to be that 
of heart malformation. In 1975 there were 101 
newborn infants in this category seen by cardio- 
logists at the request of our perinatal service. 

This report examines the composition of this 
particular group of patients, and indicates some of the 
newer approaches to diagnosis and to team manage- 
ment. 


Material 


The perinatal service of the Hospital for Sick 
Children serves as a tertiary care centre for the new- 
born for metropolitan Toronto and neighbouring 
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parts of Ontario, servicing an area in which approxi- 
mately 60000 deliveries take place annually, of 
whom approximately 1300 (2%) are referred. 

Patients classified as having nonstructural heart 
disease in this particular service are carefully selected 
and only those with an obvious additional cardiac 
disturbance or suspicion of it during the course of 
the illness are likely to be referred by neonatologists 
to the cardiologist. The respiratory distress syndrome 
of prematurity, patients with trivial or transient 
murmurs, and infants with diaphragmatic hernia 
or tracheo-oesophageal fistula are examples of the 
situation in which only selected patients would 
receive a specific cardiac evaluation. Patients for 
whom such an opinion would be requested could 
include those with intense cyanosis failing to respond 
to high ambient oxygen breathing, those with frank 
or strongly suspected congestive heart failure, those 
with heart murmurs, or with abnormal pulses or 
blood pressures. 

For 1975 a prospective evaluation was designed to 
examine this type of nonstructural heart disease. 
The 101 patients for whom cardiac consultation was 
requested were seen first by a fellow in cardiology 


and shortly afterwards by a staff cardiologist. - 


Preliminary investigations beyond the physical 
examination for all such patients included blood gas 
measurements, a chest x-ray, and an electro- 
cardiogram. Echocardiography was performed in 34 
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patients. The preliminary investigations and recom- 
mended treatments were communicated to the 
appropriate staff. Further investigation by cardiac 
catheterisation and angiocardiography was per- 
formed after such consultations in only 6 patients. 
Subsequent evaluations on the ward were performed 
by cardiologists, usually daily, but more or less 
frequently according to need. Follow-up after 
discharge, arranged through the referring physician, 
depended on the severity of the residual cardiac 
anomaly and the possibility of future problems. 


Results 


The broad diagnostic categories found among 101 
cardiac consultations of this type are identified in 
Table 1. Almost 90% of the nonstructural heart 
disease seen in our unit presented with cardio- 
respiratory distress and we arbitrarily separated 
arrhythmia and polycythaemia because of obvious 
clinical differences. 


Respiratory distress. Most children in this category 
were full-sized and for approximately 85°% of them 
a serious perinatal disturbance in adapting to extra- 
uterine life was eventually thought to be the likely 
explanation for symptoms. Within the subdivisions 
of simple and complex chosen for the broad classi- 
fication we found several groups of patients, of 
roughly equal size, having rather similar presenting 
features. So it was that in simple respiratory distress, 
although most patients had tachypnoea and differing 
degrees of cyanosis there were 20 with predominant 
cyanosis and 21 with predominant respiratory 
difficulty. Another 20 patients in this general category 
had either predominant cyanosis or respiratory 
difficulty but these also showed ST/T changes in the 
electrocardiogram, suggesting myocardial damage. 
The mean Pao, for each group, with a mean F,0, 
of 0-45, was 44 mmHg (5:87 kPa) and we were not 
able to find other differentiating features for the 
groups in regard to known prenatal events, conduct 
of labour, or Apgar score. The sequence of recovery 


Table 1 
newborns 


Categories of nonstructural heart disease in 





Respiratory distress 


Simple, + — cyanosis 41 
ST/T changes 20 
Complex, with myocardial failure 21 
Other forms 
Arrhythmias 15 
Polycythaemia 3 
Renal hypertension 1 19 
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Table 2 Clinical associations in newborns with 
respiratory distress complicated by heart failure 





Birth asphyxia 

No obvious cause 

Meconium staining or aspiration 
Viral or widespread infection 
Infant of diabetic mother 
Fetomaternal transfusion 

Fluid overload 

Multiple anomalies 

Hydrops 


— tt ot DW G9 fe CA 


N 


in the 3 groups was also similar, the electrocardio- 
graphic signs in those with change reverting even- 
tually to normal. Heart size was not appreciably 
different within the groups nor were murmurs more 
common in those with electrical abnormalities. The 
principal differential diagnoses for these [types of 
simple respiratory distress were cyanotic congenital 
heart disease and heart malformation with equivocal 
early congestive heart failure. 

In the simple form of respiratory distress without 
evidence of myocardial ischaemia, there were 12 
deaths among the 41 patients—almost 30%. Of this 
number 5 were premature infants. The cause of 
death was subependymal plate and intraventricular 
bleeding (5), severe birth asphyxia (2), meconium 
aspiration. (2), hyaline membrane disease (1), 
extreme immaturity (1), and sepsis (1). In the simple 
form with ST/T segment changes in the electro- 
cardiogram there were 2 deaths among the 20 
patients. The necropsy showed cerebral and pul- 
monary haemorrhage (1), and hyaline membrane 
disease (1). 

Quite different from these 60 patients with simple 
respiratory distress was the group of 21 patients we 
classified as having complex respiratory distress. 
These were infants, often with similar backgrounds to 
the simple type of respiratory distress, in whom the 
respiratory difficulty became severe during the first 
48 hours culminating in frank congestive heart 
failure. Table 2 shows the precipitating events 
recognised for the cases with this symptom complex. 
It will be seen that a rather wide range of physical, 
infectious, and metabolic disturbances existed for 
these patients as for the other groups. The mean 
Pao, for them was higher (53 mmHg, 7-07 kPa) at 
a lower Fo (0-39) than was the case for the babies 
with simple respiratory distress. There were 3 deaths 
among these 21 patients. One patient died with 
widespread Coxsackie B4 infection including myo- 
carditis, one infant with severe birth asphyxia, 
and one with fetomaternal exsanguination syndrome 
and tentorial tears. 
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Other 


(a) Arrhythmias. There were 4 examples in term 
infants of congenital atrial flutter, all seriously ill 
with gross heart failure on admission. All survived. 
There were no other examples of arrhythmias as a 
significant isolated event in this particular year. Of 
the remaining 11 patients, 7 were premature infants 
with birthweights ranging from 680 to 2200 g. They 
had a variety of types of heart block or ectopic 
pacemakers in association with metabolic and 
pulmonary disturbances or with sepsis. Lastly 4 
term babies had ventricular premature contractions 
(2), or bradycardia (2), all associated with other 
disease. 


(t) Polycythaemia. All 3 infants had Hb values 
above 21 g/dl but although they appeared cyanosed 
the Pao, in all cases in room air exceeded 53 mmHg 
(7:07 kPa) and none had developed severe symptoms 
or sequelae at the time of discharge. 


Discussion 


The need to differentiate patients with congenital 
heart disease from those with disorders mimicking 
this condition has long been appreciated by paedia- 
tricians caring for the newborn. Kreutzer ef al. 
(1956) referred to this group of patients as having 
‘pseudocardiopathy’ and more recently the term 
nonstructural heart disease has been in vogue. 
Neither is entirely appropriate because in some 
instances there is true cardiopathy and in others 
a structural defect may be present. 

The group of patients with simple respiratory 
distress and predominant cyanosis fits a picture 
which has been called 'persistent fetal circulation' 
(Gersony et al., 1969). These babies are in a state of 
pulmonary vasoconstriction and usually have a wide- 
open ductus arteriosus. For many this is relieved by 
high environmental oxygen concentrations and 
attention to general supportive aspects—such as 
raising & lowered body temperature, blood sugar, 
or blood calcium, or by reducing metabolic acidosis, 
or by measures which relieve pneumothorax or 
pneumomediastinum. Some babies fail to improve 
with simpler approaches and require more active 
trestment with vasodilator drugs, such as tolazoline, 
under carefully controlled conditions (Goetzman 
et al., 1976; Levin et al., 1976). Such is likely to be 
the case for patients with meconium aspiration or 
diaphragmatic hernia in the postoperative phase and 
in the 105; of patients for whom there is no obvious 
cause for the findings. The major differential 
diagnosis is cyanotic congenital heart disease, 
particularly p-transposition of the great arteries. 


Differential blood sampling from arteries above and 
below the ductus arteriosus, hyperoxic tests, and 
echocardiography are often helpful in differential 
diagnosis but severe cases unresponsive to enriched 
inspired oxygen usually require cardiac catheterisa- 
tion and angiocardiography. 

Those babies with major respiratory difficulty 
almost always have obvious lung problems of which 
the ‘wet lung’ or transient tachypnoea of the newborn 
is most important for term babies. Premature infants 
prove most often to have very severe respiratory 
distress syndrome, and mortality was particularly 
high as might be expected. 

Patients with respiratory distress and ST/T 
segment changes without congestive failure resem- 
bled in most respects the simpler cases who do not 
show electrocardiographic alterations suggesting 
myocardial damage. 

It is not clear yet what relationship these patients 
may have to the more striking subgroup of complex 
respiratory distress in which congestive failure is a 
prominent feature. Perhaps the infant with hydrops 
is a reasonably simple diagnostic problem but for 
few of the others does the aetiology emerge easily. 
The association of congenital heart disease and non- 
structural heart disease in infants of diabetic mothers 
makes the need for strenuous and complete diag- 
nostic assessment mandatory in this group of 
patients (Keith et al., 1961; Rowland et al., 1973; 
Poland et al., 1975; Wolfe and Way, 1977), particu- 
larly when cardiac dilatation is associated with 
hypoglycaemia (Reid et al., 1971). 

Myocarditis can be very difficult to diagnose. In 
the present series one patient also had toxoplasmosis, 
one had Coxsackie B4 infection, and a third patient 
also had cytomegalic virus infection. Transient 
myocardial ischaemia is a term we have applied to 
newborn infants with respiratory distress, congestive 
heart failure, and signs of atrioventricular valve 
regurgitation or vascular collapse (Rowe and 
Hoffman, 1972; Emmanouilides and Siassi, 1975; 
Bucciarelli e£ al., 1977). This picture simulates severe 
congenital heart disease and can mimic hypoplastic 
left heart syndrome, absent pulmonary valve, 
Ebstein’s anomaly of the tricuspid valve, and hypo- 
plastic right heart syndrome, to mention only a few. 
The electrocardiogram can show signs of ST/T 
segment alteration early or late and often that of 
posterior myocardial infarction. Despite the fact that 
segmental disturbance of myocardial function usually 
limits the value of single transducer echocardio- 
graphy in adult ischaemic heart disease, the echo- 
cardiogram is usually helpful in newborn infants with 
these disturbances and often shows impaired myo- 
cardial function. Such patients appear desperately 
ill and often require cardiac catheterisation for 


complete diagnosis. The response to anticongestive 
measures, myocardial stimulants and, occasionally, 
to vasodilator drugs is good. A tendency to digitalis 
toxicity from rather ordinary doses of digoxin has 
been encountered in a manner similar to that seen 
in patients with myocarditis. These infants may 
clearly improve yet continue to have rapid respira- 
tions and residual murmurs for a week or more after 
birth. We recently confirmed by myocardial imaging 
techniques that widespread myocardial ischaemia 
does in fact exist in these patients (Rowe ef al., 
1977). The early resolution of heart failure, reduction 
in heart size, and disappearance of the murmurs are 
not usually matched by the elctrocardiogram which 
often takes weeks and sometimes months to return 
to normal. Similarly, normal myocardial uptake of 
thallium is seldom completely established before age 
3 months. Follow-up beyond infancy is not yet 
available for these subjects. Most survivors show a 
spectacular improvement and at least during infancy 
their progress from the cardiovascular point of view 
appears to be perfectly normal after the newborn 
period. Whether the early myocardial insult has any 
relation to the sudden infant death syndrome, later 
arrhythmias, or to the prolapsed mitral valve leaflet 
syndrome is as yet unknown and remains speculative. 

Babies with congenital flutter are rather dramatic 
in presentation but fortunately respond well to 
treatment (Radford et al., 1976). They are often 
delivered by caesarean section for ‘fetal distress’ 
manifested by fetal tachycardia. Other disturbances 
are usually either minor in degree or arise as late 
complications of major disease in premature babies. 
Although polycythaemia is a serious disorder 
demanding prompt action to avoid cerebral and 
other complications (Gross ef al., 1973), it is not 
today often confused with cyanotic congenital heart 
disease because of the availability of blood gas 
measurements. 

Despite the selected nature of the nonstructural 
heart disease patients who presented during this year 
it is disturbing to see that 207; of them died. Almost 
half of these deaths were in premature babies and at 
least half were caused by bleeding disorders. 

Although the cause of nonstructural heart disease 
in the newborn is undoubtedly multifactorial, 
hypoxia and resulting pulmonary vasoconstriction 
appear to be the main precipitating causes of 
disturbed circulatory dynamics and myocardial 
function at this age. The response of a particular 
newborn to the stimulus of hypoxia is governed by a 
great many additional factors of which the degree of 
hypoxia is one, the amount of medial muscle 
in small muscular pulmonary arteries another, 
and the degree of patency of the ductus arteriosus as 
well as the myocardial fuel supply at the time yet 


Nonstructural heart disease in the newborn 729 


others. The myocardium is also affected by acute 
perinatal blood volume changes of either extreme, 
by infection, by metabolic disorders, and by severe 
electrolyte disturbances. Frequently a number of 
factors are mutually reinforcing. For example, a 
premature infant, asphyxiated at birth, may be 
cold, stressed, and hypoglycaemic and  subse- 
quently develop pulmonary oedema and ‘wet’ 
respiratory distress syndrome with persisting ductal 
patency followed by congestive heart failure. 
Alternatively one could cite the 43-week postmature 
infant who is asphyxiated at birth, with high haema- 
tocrit, hyperviscous, and hypoglycaemic—all inimical 
to myocardial function. It is not surprising that sub- 
endocardial ischaemia is becoming a matter of 
increasing concern for these babies (Rowe and 
Hoffman, 1972; Bucciarelli et al., 1977; de Sa, 1977; 
Nelson et al., 1978). 

The history—prenatal, natal, and immediate post- 
natal—is therefore of great importance in raising a 
suspicion of nonstructural cardiac disease neonatally. 
Final diagnosis rests on the exclusion of structural 
causes and the association of specific clinical 
conditions with the cardiac findings. 

Anticipation of secondary cardiac involvement 
from the perinatal history and clinical findings now 
enables diagnostic and supportive measures to be 
instituted early, thus improving prognostic ability, 
treatment, and eventual prognosis. The ultimate 
objective of prevention rests with improved methods 
of identification and appropriate management for 
the high risk pregnancies and deliveries involved. 
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SUMMARY The first feed of breast milk given to a group of 12 term infants was previously shown to 
increase the levels of blood glucose and plasma insulin, growth hormone (GH), gastrin, and entero- 
glucagon. We have now studied the effects of the first feed of breast milk in two similar groups of 
preterm infants, to compare the results with those obtained for the term infant. One group of 8 
preterm infants received a bolus (2:5 ml/kg) of breast milk via a nasogastric tube; the other group 
of 5 infants received a continuous intragastric infusion (2:5 ml/kg per hour) of breast milk. No 
change occurred in the concentrations of blood glucose, lactate, pyruvate, or ketone bodies, or in 
plasma insulin, GH, pancreatic glucagon, or enteroglucagon in either the ‘bolus fed’ or the ‘infusion 
fed’ group of preterm infants. Thus the marked metabolic and endocrine changes in term infants 
after the first feed do not occur in preterm infants with standard methods of feeding. 


We have shown previously that term babies suffering 
from moderately severe respiratory distress show 
an increase in blood glucose, associated with a rise 
in plasma insulin, growth hormone (GH), gastrin, 
and enteroglucagon after the first feed (Aynsley- 
Green et al., 1977). This suggests that digestion and 
absorption, as well as several hormone systems, are 
functionally active at birth in the term infant. 

To define the metabolic and endocrine effects of 
standard feeding practices in the preterm infant, we 
measured blood levels of several metabolites and 
hormones before and after the first feed of breast 
milk in a group of infants fed by an intragastric bolus, 
and before and during the first feed in a group of 
infants fed by continuous intragastric infusion. 


Patients and feeding procedure 


Patients. 15 preterm infants were studied with the 
approval of the ethical committee. The infants had 
been admitted to the special care baby unit because 
of prematurity. All had weights appropriate for 
gestational age. All had umbilical catheters in situ 
for clinical monitoring purposes. They were nursed 
either in incubators at environmental temperatures 
appropriate for their gestation and weight (Hey and 
Katz, 1970), or under radiant heaters with skin 
temperature servo controlled to 36-5*C. At the time 
of the study no baby had a rectal temperature 
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below 36°C. In all arterial pH was >7-20 through- 
out the study. Pao, was maintained between 60 and 
90 mmHg (8 and 12 kPa). One baby required 
resuscitation for apnoea 15 minutes after the 
first feed and was excluded from the study. The 
clinical condition of the remaining 14 infants did not 
change during the study. The infants were randomly 
divided into two groups, one receiving a bolus of 
breast milk and the other a continuous intragastric 
infusion of breast milk. 

In the bolus fed group, 8 infants were studied. 
The mean birthweight was 1290 g (range 960 to 
1740 g), and the mean gestational age from maternal 
dates and paediatric assessment (Farr score) was 
30 weeks (range 28 to 33 weeks). All 8 babies had 
respiratory distress, 7 requiring oxygen via a head 
box, one requiring assisted ventilation via an 
endotracheal tube. 

In the infusion fed group, 6 infants were initially 
studied, but one infant was excluded because he 
regurgitated his feed. The mean birthweight of the 
remaining 5 infants was 1520 g (range 1100 to 
1770 g) and a mean gestational age of 30 weeks 
(range 28 to 32 weeks). 3 of the 5 babies had respira- 
tory distress, requiring continuous positive airways 
pressure through an endotracheal tube. The 2 other 
infants had no respiratory problems. 


Feeding procedure. The first feed was given between 
3 and 6 hours of age. None of the infants had received 
intravenous dextrose. A nasogastric tube was inserted 
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into the stomach and the contents aspirated 30 
minutes before the feed. The bolus fed infants 
received 2-5 ml/kg pooled boiled mature breast 
milk given by gravity for a 3-5-minute period via the 
nasogastric tube with the infant lying on the right 
side. Infusion fed infants received breast milk at a 
constant infusion rate of 2-5 ml/kg per hour via the 
nasogastric tube using a syringe pump. 

After 55 minutes, the end of the study period, the 
stomach contents were aspirated and in no case was 
more than 25 2; of the original feed volume found to 
be present. 


Sampling and methods 


Blood samples were taken from the arterial catheter 
before the feed as described previously (Aynsley- 
Green et al, 1977) and, in the bolus fed group, 
at 5, 25, and 55 minutes after the feed: in the infusion 
fed group, samples were drawn at 25 and 55 minutes 
after the start of the infusion. Samples were assayed 
for blood glucose, lactate, pyruvate, p-B-hydroxy- 
butyrate, acetoacetate, plasma insulin, GH, pan- 
creatic glucagon, and enteroglucagon (Aynsley-Green 
et al, 1977). Results were assessed for statistical 
significance by means of Student’s ¢ tests. 


Results 


Blood glucose and other metabolites. The mean 
(+SEM) fasting blood glucose concentration in the 
bolus fed group was 3-93 + 0-45 mmol/l (70-81 + 
8-11 mg/100 ml) and in the infusion fed group 
3.08 + 0-62 mmol/l (55-50 + 11-17 mg/100 ml). 
In neither group was there a significant change in 
level with feeding. Fig. 1 shows, for comparison, 
the changes in blood glucose seen previously 
in term infants. 

The mean fasting blood lactate and pyruvate 
concentrations were, for bolus fed infants, 1-98 + 
0-31 mmol/l (17-83 + 27-9 mg/100 ml) and 0-12 + 
0.01 mmol/l (1:06 +1-09 mg/100 ml) respec- 
tively, and for infusion fed infants, 2-12 4- 1:00 


mmol/l (19--9 mg/100 mi) and 0-18 40-06 
mmol/l (1:6 + 0-53 mg/100 ml) respectively. These 
levels did not change with feeding. Table 1 shows 
the lactate and pyruvate levels with feeding in pre- 
term babies, compared with the levels in term babies 
studied previously. 
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Fig. 1 Change in blood glucose after first feed of 

breast milk in term and preterm infants. Term infants 
were fed a 5 mljkg bolus: preterm infants were fed either 
a 2:5 ml/kg bolus or.a continuous intragastric infusion 
of 2-5 ml/kg per hour. 


Table 1 Lactate and pyruvate concentrations before and after the first feed (+ SEM) 


Infanis Time (minutes) 
0 
Term 
Bolus fed (n = 12) Lactate (mmol/l) 2:37 + 0-71 
Pyruvate (mmol/l) 0-20 + 0-04 
Preterm 
Bolus fed (n = 8) Lactate (mmol/l) 1-98 + 0-31 
Pyrovate (mmol/}) 0-12 + 0-01 
Infusion fed (n — 5) Lactate (mmol/l) 2-12 + 1:00 
Pyruvate (mmol/l) 0-18 + 0:06 
Conversion : SI to traditional units—Lactate: 1 mmol/l «#9 m 


5 25 35 

1:73 + 0.34 2:02 + 0-43 1-80 + 0-31 
0.17 + 0-02 0-17 + 0-03 0-17 + 0.03 
2-22 + 0-38 2:34 + 0-40 1-90 + 0-42 
0:12 + 0-02 0-13 + 0-03 0-13 + 0-02 
— 1-84 + 0.99 1:67 + 0-76 
— 0-18 +: 0-06 0-20 + 0-06 


g/100 ml. Pyruvate: I mmol/l = 8-8 mg/100 ml. 
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The mean fasting acetoacetate level in preterm 
babies before the first feed was 0-06 + 0-01 mmol/l 
in the bolus fed group and 0-06 + 0-01 mmol/l 
in the infusion fed group. There was no significant 
change with feeding in the two groups (Table 2). 

The mean fasting D-8-hydroxybutyrate levels from 
6 of the premature infants studied before the first 
feed were 0-36 +0-02. The levels were not measured 
during feeding. 

Fig. 2 shows the mean fasting levels of acetoace- 
tate, p-9-hydroxybutyrate, and total ketones of all 


Table 2  Acetoacetate concentrations before and after 
the first feed (-- SEM) 








Infants Time (minutes) 
0 2 25 55 
Term 
Bolus fed 0-13 0-15 0-14 0-15 
(n = 12) +0-02 +0-04 +0-03 +0-02 
(mmol/l) 
Preterm 
Bolus fed 0-06 0-06 0-07 0-09 
(n = 8) +0-01 +0-02 +0-03 +0-04 
(mmol/l) 
Infusion 
fed (n = 5) 0-06 — 0-06 0-06 
(mmol/l) +0-01 +0-01 +0-02 
0:30 N= 12 
[A Preterm 
[ | Term 
0:25 
0:20 
nz 12 
= n=12 
'o 0:15 
E 
E nz 6 
0:10 
n=13 wt 
n=6 A 
0:05 a A 
Allal 
0 a p Z | 
Acetoacetate Hydroxybutyrate Total ketones 
Fig. 2 Comparison of basal blood ketone values in 


term and preterm babies at 3-6 hours of age (just 
before first feed). 


the infants studied, compared with the levels des- 
cribed previously in term infants before the first 
feed: preterm infants had significantly lower ketone 
levels than term infants. 


Plasma hormones. Mean basal plasma insulin con- 
centration was 4-99 + 1-08 mU/I in the bolus fed 
group and 3:64 + 1-22 mUJ/I in the infusion fed 
group. These levels did not change significantly 
(by the paired 7 test) with feeding in either group. 
However, comparison of the mean values from the 
two groups shows that, although there was no signi- 
ficant difference in basal insulin levels, the infusion 
fed group had a significantly lower insulin level 
(P<0-005) by 55 minutes than the bolus fed group. 
Fig. 3 compares plasma insulin levels with feeding in 
preterm babies with those found previously in term 
babies. 

Plasma GH and enteroglucagon levels are avail- 
able only in bolus fed preterm infants. Mean fasting 
plasma GH level was 27.7 +5-7 ug/l amd, in 
contrast to term infants previously studied, there 
was no change in concentrations with feeding 
although the basal levels were higher in preterm 
infants (Fig. 4). Mean fasting enteroglucagon level 
was 160 + 70 pg/ml (equivalent) and did not change 
with feeding, whereas term infants previously studied 
showed a rise in enteroglucagon 25 and 55 minutes 
after a feed (Table 3). 

Mean fasting pancreatic glucagon concentrations 
were 34.3 + 10-4 pmol/l in the bolus fed preterm 
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Fig. 3 Change in plasma insulin after first feed of 
breast milk in term and preterm infants. Term infants 
were fed a 5 ml/kg bolus: preterm infants were fed 
either a 2:5 ml/kg bolus or a continuous 

intragastric infusion of 2:5 ml/kg per hour. 


734 Lucas, Bloom, and Aynsley-Green 


infants and 38-4 + 10-3 pmol/l in the infusion fed 
group. In neither group did the level change with 
feeding, and in this respect the preterm resembles 
the term infant (Table 4). 


Discussion 


There is little information on the metabolic and 
endocrine effects of conventional feeding practices 
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Fig. 4 Change in plasma growth hormone after first 
feed of breast milk in term and preterm infants. Term 
infants were fed a 5 ml/kg bolus, preterm infants a 
2-5 ml/kg bolus. 


Table 3 Plasma enteroglucagon concentrations 
(pg/ml equivalent) before and after the first feed (+ SEM) 


Bolus fed Time (minutes) 
infants 
0 5 25 55 
Term 145 2-30 2434+51 2584-50 305 4-65 
(n—11) NS P —0-05 P<0-05 
Preterm 160+70 155+62 1572-67 1392-51 
(n—7) NS NS NS 





Table 4 Plasma pancreatic glucagon (pmol/l) 
concentrations before and after the first feed (-- SEM) 





Preterm Time (minutes) 
infants 
O 5 25 35 
Bolus fed 34-4410-4 26.4-—4.0 37-3+11-:4 40-4+11-5 
(n=7) NS NS NS 
Infusion fed 38-4+10-3 — 37.44-8.4 46-0+14-3 
(n=5) NS NS 





in newborn infants. In our unit infants requiring 
intensive care are usually fed on the first day of life 
with 60 ml/kg per day breast milk. Infants approach- 
ing term are fed 2-hourly (5 ml/kg per feed) whereas 
preterm infants are fed hourly, either with a bolus of 
breast milk (2-5 ml/kg per feed) or with an intra- 
gastric infusion of milk at the rate of 2-5 ml/kg per 
hour. The purpose of this paper is to examine the 
metabolic and endocrine consequences of these 
standard feeding regimens for preterm infants and 
compare the results with those previously observed 
by us in sick term infants. 


Blood glucose and other intermediary metabolites. It 
is not clear why the glycaemic response to the first 
feed of breast milk in term infants is not seen in 
either bolus fed or infusion fed preterm infants. In 
no case was more than 25% of the original feed 
volume aspirated from the stomach at the end of the 
study, so that gastric pooling is an unlikely cause. 
Failure of intestinal absorption is a more likely 
explanation, although a further possibility is that 
the glycaemic effect of feeding was counterbalanced 
by peripheral glucose uptake in these particular 
preterm infants. Alternatively, the small feed volume 
given to preterm infants (2:5 ml/kg) compared with 
term infants (5 ml/kg) could account for the dif- 
ference in response. If this is the case, then some 
important questions are raised concerning con- 
ventional feeding practices for preterm infants 
(see below). 

It is interesting that no difference was found in the 
basal levels of blood glucose in term and preterm 
infants at this stage in view of the findings cf Corn- 
blath and Reisner (1965) who showed lower levels in 
preterm infants. 

Although many of the preterm infants in this 
study were suffering from conditions likely to cause 
hypoxia, mean blood lactate levels and lactate/ 
pyruvate ratios were not raised, suggesting adequate 
tissue oxygenation. The levels were similar to those 
found in the term infants. 

There was no change in ketone body concentra- 
tions (acetoacetate) with feeding in the preterm baby. 
However, basal levels of ketones were substantially 
lower than those reported in the term baby (Aynsley- 
Green ef al., 1977). In newborn infants free fatty 
acids rise after birth as a result of increased lipolysis 
(Persson and Gentz, 1966). In turn, these fatty acids 
are in part metabolised to ketones which rapidly 
reach very high levels in the first few days of life 
(Melichar et al., 1965; Persson and Gentz, 1966). 
Ketone bodies have been demonstrated to be impor- 
tant substrates for cerebral metabolism and are 
actively taken up by the neonatal brain (Hawkins et 
aL, 1971; Kraus et al, 1974: Settergren et al., 
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1976). Melichar et al. (1967) have reported higher 
rates of lipolytic activity and higher levels of ketones 
in preterm infants than in term infants in the first 12 
hours of life. In view of these findings it is surprising 
that in the preterm infants we studied, at 3-6 hours 
age, the ketones were so much lower than in the 
term infants that we had studied previously at this 
age. Our findings are difficult to interpret in the 
absence of data on free fatty acids, but imply either 
increased ketone consumption or decreased keto- 
genic ability. If the latter is the case, it is possible 
that in certain preterm babies lipolytic activity lags 
for a few hours before accelerating and exceeding 
the rate of lipolysis in the term baby; thus the pre- 
term baby might, for a few hours after birth, be at 
greater risk than the term baby in terms of providing 
substrates for brain metabolism. 


Plasma hormones. Several investigators have studied 
the effect of pharmacological stimuli on the release 
of pancreatic islet cell hormones and of GH in 
preterm infants (Reitano et al., 1971; Ponté et al., 
1972; Falorni et al., 1975a, b): however, the 
hormonal effects of the physiological stimulus 
of an enteral feed given to the preterm infant has 
received little attention. In this study the insulin 
response to enteral feeding, seen in term infants, 
was not found in preterm infants. This could have 
been owing to a failure to increase blood glucose. 
Pancreatic glucagon did not change with the first 
feed and in this respect the preterm infant resembles 
the term infant. 

The lack of enteroglucagon response in the pre- 
term infant, despite the presence of foodstuff in the 
lumen of the small bowel (which has been demon- 
strated to be a stimulus to enteroglucagon release: 
Böttger et al., 1973; Holst et al., 1976), contrasts 
with the marked rise in enteroglucagon seen in term 
infants after the first feed. This difference between 
term and preterm infants may be dose related 
(because of the smaller feed volume given to pre- 
term infants), or due to a functional immaturity of 
gastrointestinal hormone release in preterm infants. 

Fasting plasma GH levels at 3-6 hours of age, 
were higher in preterm infants than in the term 
infants, and in contrast to the latter, the levels were 
unaffected by the first feed. Higher levels of GH in 
preterm infants than in term infants have been 
reported by Cornblath ef al. (1965), but only after 48 
hours of age. The lack of increase after feeding could 
again be owing to a failure to increase blood glucose. 


Conclusion 


The clinical and physiological significance of the 
lack of glycaemic and hormonal effects of the first 


feed in preterm infants is unknown. Further studies 
are needed to define both the development of feeding 
responses in these infants, and the stage at which they 
respond to enteral feeding in a similar way to term 
infants. The absent metabolic responses in preterm 
infants may represent either physiological differences 
between term and preterm infants or, alternatively, 
the differences may relate to the smaller feed volumes 
given to preterm infants. If the latter is the case, 
then it needs to be determined if the small volume, 
frequent feeding regimens, conventionally used with 
such infants, fail to cause the phasic metabolic and 
hormone changes which can be expected during 
physiological feeding and fasting in term infants. It 
is possible that the preterm infant’s ability to adapt 
to extrauterine nutrition may be affected by the 
failure of conventional feeding practices to induce 
cyclical metabolic and endocrine changes. 
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Neonatal tetanus treated with high dosage diazepam 
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From the Department of Paediatrics, Universit y Hospital, University of Malaya, Kuala Lumpur 


SUMMARY The combination of continuous intravenous infusion of diazepam (20-40 mg/kg per 
day) and intragastric phenobarbitone (10-15 mg/kg per day in 4 divided doses) was used to treat 
19 cascs of neonatal tetanus. Mortality was 2/19 (11%). This regimen was considered to have reduced 


the mortality and the need for artificial ventilation. 


The main side effects encountered Were severe 


drowsiness, coma, and apnoeic episodes which were reversible when the level of diazepan was 


reduced. 


Neonatal tetanus has a high mortality and is a 
serious problem in developing countries. Diazepam 
has powerful muscle relaxing and anticonvulsant 
properties and has been used in conventional 
dosage (2-13 mg/kg per day) to treat neonatal 
tetanus, but this has had little effect on mortality 
(Hendrickse and Sherman, 1966; Oduori, 1974). We 
report our experience with high dose diazepam in 
the management of neonatal tetanus. 


Patients and methods 


Nineteen consecutive cases of neonatal tetanus were 
admitted to this hospital between January 1974 and 
June 1977. The diagnosis was clinical, any neonate 
presenting with at least 3 of the following was 
included in the study: trismus, risus sardonicus, 
muscular rigidity, and spasms of voluntary muscles. 
Lumbar puncture was performed and blood glucose, 
calcium, and magnesium levels were determined in 
most patients. The severity of the illness was graded 
according to the criteria of Patel and Joag (1959), 
one point being awarded to each of the following: 
(a) inability to suck, (b) presence of muscular spasms, 
(c) rectal temperature >38°C within 24 hours of 
admission, (d) incubation period <7 days, (e) onset 
of spasms occurring within 48 hours after the first 
symptom. All the patients had severe tetanus 
(grades 4 and 5). 


General care. On admission a peripheral intravenous 
infusion with 5% dextrose in 0-18% saline was set 
up. An initial slow bolus IV injection of 2 mg 


increasing to 10 mg diazepam was administered to 


relieve muscular spasms and rigidity. The neonate 
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was nursed in an incubator in the open paediatric 
ward; the pulse and respiratory rate, colour, ‘and 
frequency and severity of muscular spasms were 
closely monitored. Particular care was paid to 
clearing the nasopharynx of secretions. 


Antibiotics, tetanus antitoxin, and toxoid. The 
umbilical cord, if infected, was excised and the 
umbilicus cleaned with hydrogen peroxide and 
Surgical spirit. All patients received 1500 to 5000 
units of equine antitetanus serum, and IV crystalline 
penicillin (100 000 units kg/per day) was given for 
7 days. Active immunisation was started before 
discharge. 


Feeding. During the first 24 hours the daily fluid 
and electrolyte requirements were administered 
intravenously as the risk of aspiration from uncon- 
trolled spasms was greatest during this period. 
Thereafter, nasogastric milk feeding was introduced 
and the amount gradually increased. In most cases 
nasogastric feeding was fully established by the Sth 
to 7th day, the IV drip being continued only for the 
administration of drugs. However in 7 patients 
nasogastric feeding was not tolerated and nutrition 
was provided by peripheral intravenous hyper- 
alimentation. 


Sedation. Muscle relaxation and sedation were 
achieved by continuous IV infusion of high dose 
diazepam (20-40 mg/kg per day) and intragastric 
phenobarbitone (10-15 mg/kg per day in 4 divided 
doses). The initial total daily maintenance dose of 
diazepam was 20 mg/kg and this could be increased 
gradually to a maximum of 40 mg/kg until spasms 
were controlled. Additional bolus injections of 
diazepam (5-10 mg) were administered if spasms 
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were severe and frequent; but these were not given 
more than 4 times in 24 hours. Once spontaneous 
spasms had ceased for at least 48 hours, the dose of 
diazepam was reduced every third day by approxi- 
mately 10% of the previous dose. If dosage reduction 
was attempted too rapidly, spontaneous spasms 
recurred and subsequent control was sometimes 
difficult. Diazepam was given via the nasogastric 
tube when the spasms were controlled and naso- 
gastric feeding had been established; this was 
usually achieved after 5 to 10 days of intravenous 
therapy. À few patients had hiccups but these were 
effectively controlled by 2 to 5 mg IV chlorpromazine. 


Total paralysis and intermittent positive pressure 
ventilation (IPPV). This was instituted when con- 
servative drug therapy at maximum dosage had 
failed to control severe spasms. 7 (37%) out of 19 
required this treatment. Except for Case 6, IPPV 
was started within 24 hours of admission. All 
previous sedatives were discontinued and tubocurare 
was used to provide muscle relaxation. Details of the 
anaesthetic care have been reported (Ganendran, 
1974). 


Results 


17 patients survived the illness and 2 died while on 
IPPV from tension pneumothorax and extensive 
bronchopneumonia (Table). The mortality rate was 
thus 1174. The average time in hospital was 40 
days. Muscle rigidity persisted for about 5 to 
7 weeks from onset of illness. At follow-up, 2 
patients were found to have neurological deficit. 
One of these (Case 5) was on the respirator 
for 65 days during which time he developed num- 
erous episodes of tension pneumothorax, broncho- 
pneumonia, cyanosis, and bradycardia. Subsequently 
he developed subglottis stenosis and at follow-up 
examination at 2 years of age he was found to be 
floppy with microcephaly and mental retardation. 
The other patient (Case 14) had multiple episodes 
of severe spasms with cyanosis, but was never on 
IPPV. At 3 years of age this child was found to have 
cerebral palsy with left hemiparesis, microcephaly, 
and mental retardation. The neurological deficit in 
these 2 patients probably resulted from cerebral 
hypoxia suffered during severe spasms and, in Case 5, 
from numerous episodes of tension pneumothorax 


Table 1 Severity of neonatal tetanus, mode of treatment, and outcome 





Case Birthweight Age on Severity Diazepam dosage Paralysis Oral feeding Outcome CNS 
(kg) admission (grade l and IPPV begun outcome 
(days) Boius Infusion Maximum on day 
(mg/dose)  (melkg per (mg/kg per 
day) day) 
1 2-9 12 4 2 40 41 T —* Died § — 
(10th day) 
2 3-2 15 4 5,5 25 28 — 4 Alive N 
3 3.2 10 5 5,5 20 23 -— P , 
4¢ 2:9 4 5 10,10,10 40 50 4 12* 5 "5 
5 3.0 7 5 7,10,10 40 49 + 14* x Cerebral palsy, 
mental retar- 
dation, micro- 
cephaly 
6 4.0 9 4 4 40 41 + 13* x Nil 
7 3-0 7 5 8,7,5,5 30 38 EN 3 » » 
'8 3.2 12 4 10 40 45 - 3 T 3s 
9t 3 2 9 4 pa 20 20 T 2 ” ” 
10 2 9 13 4 2 20 21 — 2 3» Hu 
11 2-7 13 4 5 30 32 — 4 K M 
12 3.0 10 4 m 40 40 DE 3 Pr mI 
13 3.0 7 5 — 20 20 ~~ 2 s Pe 
14 3.9 9 4 -— 40 40 ~ 12* B Left hemi- 
paresis, mental 
retardation, 
scizure, Micro- 
cephaly 
ig 2-2 8 5 3 30 31 -— 14* ee Lost to 
follow-up 
16 2-7 14 4 5 30 32 ~ 2 T 
17 3.1 7 4 <= 20 20 d 2 ps ” 
18 3-0 8 4 5.9 40 43 + 5* " 
i9$ 3-1 6 5 10,10,10 40 50 -+ 2 Died § — 
(2nd day) 


*Intravenous hyperalimentation begun between 2nd and 3rd hospital day before oral feeding. 


1Scalp necrosis duo to infiltrated intravenous diazepam. 
iJaundiced infants. 


§Necropsy findings: Case 1, extensive brochopneumonia, pneumothorax. Case 19, Extensive bronchopneumonia. 
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and cyanosis while on IPPV. The neurological 
sequelae seem unlikely to be the result of 
treatment with diazepam because these children were 
still having frequent muscle spasms in spite of the 
high dose of diazepam. 


Discussion 


Diazepam is a potent tranquilliser, anticonvulsant, 
and muscle relaxant. Although the site and mech- 
anism of its action are still incompletely understood, 
it has been shown to block spinal reflexes in anaes- 
thetised cats (Randal et al., 1961). Hendrickse and 
Sherman (1966) first reported the use of oral diazepam 
(up to 4-4 mg/kg per day) in a controlled study of 
104 cases of neonatal tetanus. They concluded that 
although the mortality rate (5597) was unaffected by 
diazepam, it was of value in relaxing tonic muscle 
spasms ; moreover it was relatively free of unpleasant 
side effects or toxicity. There has been only one 
report of the use of high dose diazepam (40 mg/kg 
per day) in the successful treatment of a patient with 
neonatal tetanus (Femi-Pearse, 1966). 

From 1969 to 1973, we treated 43 cases of neo- 
natal tetanus (89% of whom were grade 4 and 5 
severity) with conventional dose IV diazepam (2-10 
mg/kg per day divided into 4 doses) and nasogastric 
phenobarbitone (5-15 mg/kg per day divided into 
4 doses). The result was disappointing as Mur 
those patients subsequently required IPPV because 
of failure to control the spasms (Lee et al., 1978). 
In the present series, only 7 (37%) of 19 patients 
required IPPV. The severity of the disease in the 
present group was similar to the 1969—73 group 
(100 and 897; respectively falling into the severe 
grades). In our experience, increasing the dosage of 
diazepam above 40 mg/kg per day did not appreci- 
ably reduce the need for subsequent respiratory 
support, as 6 of the 7 patients requiring more than 
40 mg/kg per day needed IPPV (Table). 

The main side effects encountered with this 
regimen were severe drowsiness, coma, and occa- 
sionally apnoeic episodes which were reversible 
when the dose of the drug was reduced. These 
patients tended to have excessive pooling of secre- 
tions in the oropharynx because the swallowing 
reflex was depressed, and they required frequent 
suction. Respiratory arrest is another potential 
hazard, but the continuous infusion of diazepam did 
not seriously depress respiration. Renal, hepatic, 
and haematological functions were also unaffected. 


Although diazepam forms a white precipitate 
when diluted with dextrose saline solutions, this 
does not result in any adverse reaction nor does it 
reduce the therapeutic potency (Smith and Masotti, 
1971). However, the solvent of diazepam contains 
5% sodium benzoate which competes with bilirubin 
for the binding sites in albumin, thus increasing the 
risks of hyperbilirubinaemia (Schiff et al., 1971). 
Hyperbilirubinaemia was not a problem as most of 
Our patients were term infants and more than 7 days 
old at admission. In this series only 3 developed neo- 
natal jaundice; the maximum total bilirubin levels 
reached were 8-5, 10-8, and (Case 15) 18-2 mg/ 
100 ml respectively. Case 15 was treated with 
phototherapy and serum bilirubin fell to 10-8 mg/ 
100 ml 4 days later; unfortunately this patient was 
lost to follow-up. During intravenous diazepam 
treatment, care was taken to ensure that the per- 
cutaneous intravenous needle was not dislodged as 
skin necrosis can result from subcutaneous perfusion 
of the drug. ' 
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Case of tumour rickets 


M. W. MONCRIEFF, D. P. BRENTON, AND L. J. H. ARTHUR 


From the Derbyshire Children’s Hospital, and University College Hospital, London 


SUMMARY A 10-year-old boy, with widespread soft tissue tumours of bone, developed hypophos- 
pkataemic rickets due to impaired renal tubular reabsorption of phosphate. Biopsy of the largest 
tumour showed a nonosteogenic fibroma. We believe this boy is another example of ‘tumour 
rickets’, as other causes of rickets were excluded clinically and biochemically. Cases of rickets or 
osteomalacia associated with a tumour, have generally been reported to be cured by surgical removal 
of the tumour, implicating it as the cause of rickets or osteomalacia. Owing to the large number of 
tumours in this boy, surgical removal was not possible, and he required large doses of vitamin D, 
together with oral phosphate, before his rickets healed. It is suggested that the tumour produces a 


phosphaturic hormone. 


Although most cases of rickets are caused by dietary 
deficiency of vitamin D, an increasing number of 
non-nutritional causes have been described. Dent 
(1976) listed 33 in a review. One of the least common 
is ‘tumour rickets’, where hypophosphataemic rickets 
occurs in association with a solitary bone or soft 
tissue tumour. Of 16 cases described (Table 1), only 
3 were in children. In most instances, rickets healed 
after removal of the tumour. Hypophosphataemic 
ricxets has also been reported in association with 
widespread fibrous dysplasia of bone (Dent and 
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Gertner, 1976), and in these cases surgical removal 
of the bone lesions is not normally possible. We 
describe the medical management of a boy with 
hypophosphataemic rickets and multiple soft tissue 
tumours in bone, not amenable to surgery. 


Case report 


At age 74 years this boy complained of pain in his 
left leg, and x-rays showed widespread osteolytic 
lesions mainly of the phalanges, ribs, pelvis, and 
long limb bones, but not of the skull. There were 


Fig. 1 Age 84 years x-ray of knees showing 
large osteolytic lesions in the lower end of 
of both femora. 
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Table 1 Previously reported cases of osteomalacia and rickets associated with a solitary tumour 
Author Date Age Sex Nature of tumour Medical treatment Tumour excised Result 
McCance 1947 15 F ‘Degenerating osteoid Vitamin D zd Healed and vitamin D 
tissue’ of femur 500 000 units stopped 
Hauge 1956 38 F Malignant neurinoma Vitamin D varying — Died. Disseminated 
doses malignant disease 
Prader et al. 1959 11 F Giant cell granuloma None -1 Healed 
of rib 
Yoshikawa et al. 1964 54 F Cavernous haeman- Vitamin D -1 Healed 
gioma in thigh 2-300 000 units 
Castleman 1965 53 M Giant cell sarcoma of Vitamin D + Healed. Medical 
femur 50—150 000 units, treatment discontinued 
4-8 g phosphate 
Salassa et al. 1970 38 M Sclerosing haeman- Vitamin D Healed. Medical 
gioma of femur 750 000 units, treatment discontinued 
1 -7-2-7 g phosphorus 
Salassa et al. 1970 30 M Sclerosing haeman- None 4 Healed 
giona of femur 
Stanbury 1972 Adult — *Mesenchymoma' Not recorded E Died. Disseminated 
malignant disease 
Stanbury 1972 Adult — *Mesenchymoma' Not recorded + Died. Disseminated 
malignant disease 
Olefsky et al. 1972 40 M Ossifying mesenchymal Vitamin D + Healed. Medical 
tumour of pharynx 500 000 units, treatment discontinued 
1-9 g phosphorus 
Evans and Azzopardi 1972 45 M Primary bone tumour Vitamin D + Incomplete healing 
possibly of vascular 200 000 units, (tumour not cont- 
origin in femur 2-25 g phosphate pletely removed) 
Pollack et al. 1973 9 M Nonossifying fibroma Vitamin D Healed. Medical 
radius 200 000 units treatment discontinued 
Moser and Fessel 1974 54 M Mesenchymal tumour Vitamin D ue Healed. Medical 
of big toe 50 000 units, phosphate treatment discontinued 
Wilhoite 1975 7 F Benign ossifying Vitamin D + Healed 
mesenchymal tumour 800 units 
of ulnar 
Linovitz et al. 1976 32 M Haemangiopericytoma Vitamin D -+ Healed. Medical 
of ankle 50 000 units, treatment discontinued 
phosphorus (patient died 6 months 
later from burns) 
Linovitz et al. 1976 51 M Sclerosing haeman- None + Healed. Recurred 1 year 


gioma of knee 


later as did the bone 
tumour. Repeat 
biopsy =angiosarcoma 





particularly large lesions at the lower ends of both 
femora (Fig. 1). A diagnosis of Hand-Schueller- 
Christian disease was made, and he was treated with 
prednisone. During the next few weeks his symptoms 
improved, and the ESR, initially 20 mm/h, fell to 
2 mm/h. 

He remained symptom-free, but repeat x-rays one 
and 2 years later showed no change in the bony 
lesions, so a biopsy of the largest lesion in the right 
femur was performed. The tissue was composed of 
spindle and fusiform cells, arranged in irregular 
groups and interlining strands with abundant 
collagen formation together with numerous foci 
of foamy histiocytes; some multinuclear giant cells 
were present. The appearances were consistent with 
a nonosteogenic (nonossifying) fibroma (Fig. 2). 
Further investigation (Table 2) showed that he had 
hypophosphataemic rickets owing to failure of 
phosphate reabsorption in the kidneys, and review 
of the x-rays showed changes of rickets at the epi- 
physes. By this time he had developed genu valgum 
with 7 cm intermalleolar separation, and height had 
fallen below the 3rd centile. 


Table 2 Biochemical investigations in a case of 
‘tumour rickets’ 





October 1975 
(age 11 years) 


December 1974 
(age 10 years) 


(mg/100 (mmol/l) (mg/100 (mmol/l) 
ml) ml) 
Plasma 
calcium 10-1 2.5 9.8 2.4 
phosphate 1-6 0-5 4.4 1-4 
alkaline 
phosphatase 566 IU /I* 22 KA/100 mlt 
urea 21 3.4 15 2.5 
creatinine 0-8 71 pmol/l 0-6 53 umol/l 
bicarbonate 24 26 
Creatinine clearance 
(ml/min per 
1-73 m?) 108 — 
Plasma 25-OHD; 
(ng/ml) 23.5 512 


Serum parathyroid 
hormone (pg/ml) 
Phosphate re- 


700 (normal —750) — 


absorption 72% filtered load — 
Urine amino-acid 
chromatography Normal Normal 





* Normal range for a child this age — up to 200. 
TNormal range age 11-12 years 12-29 KA units/100 ml. 
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He was treated with calciferol, starting with 1 mg 
daily, increasing to 4 mg daily, but his rickets did not 
heal, and so oral phosphate supplements were given. 
The serum level of phosphate rose to normal, the 
alkaline phosphatase fell from 556 IU/I before 
treatment was started to between 200 and 250 IUJ/I, 





Fig. 2 Biopsy from tumour in femur. Nonosteogenic 
fibroma showing spindle and fusiform cells in irregular 
groups with abundant collagen formation. A 
multinuclear giant cell is seen near the top. (H and E 
x 330). 
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and the rickets healed radiologically one year after 
treatment was started. At this stage, when 11-2 
years he was admitted to University College Hospital 
under the care of the late Professor C. E. Dent. He 
was 126 cm tall ( —3rd centile) with 10 cm separation 
of the malleoli. His rickets had healed and the bio- 
chemical results are shown in Table 2. Surgical 
removal of the largest tumours from the femora 
was considered, but Mr E. O. G. Kirwan thought 
there was too great a risk of weakening these bones 
still further. Medical treatment was stopped, but 
his rickets recurred radiologically after one year 
and the level of alkaline phosphatase rose to 362 
IU/l, so treatment with phosphate (1-5 g elemental 
phosphorus daily) and vitamin D (1-5 mg daily) was 
restarted. Details of his treatment are shown in 
Fig. 3, and serial x-rays in Fig. 4. 


Discussion 


This boy developed hypophosphataemic rickets at 
the age of 10 years, in association with numerous 
bony tumours, and needed large doses of vitamin D 
to induce healing. The normal plasma levels of Ca 
and of 25-hydroxy-cholecalciferol, excluded dietary 
and intestinal causes of rickets. The normal plasma 
creatinine and bicarbonate concentrations and 
absence of aminoaciduria excluded renal causes of 
rickets, except for familial hypophosphataemic 
rickets. This is usually manifest in the 2nd year of 
life with florid rickets (Fraser and Salter, 1958), 
whereas our patient did not develop rickets until 10 
years old and had no family history. Vitamin D- 
dependent rickets (pseudodeficiency rickets) is 
unlike our case clinically and biochemically. It 
usually presents in the 2nd year of life with marked 
muscle weakness, low level of plasma Ca, normal or 
low level of plasma phosphate and aminoaciduria 
(Fanconi and Prader, 1969). We believe that our 
patient is another example of ‘tumour rickets’. 


v 
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Fig. 3 Biochemical changes and 
details of treatment in a child 
with ‘tumour rickets’. 
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(a) 


(b) 


(c) 


Fig. 4 Serial radiographs of the ankle showing (a) age 74 years, mild changes of rickets diagnosed 
retrospectively; (b) age I0 years, florid rickets before treatme 


nt; (c) age 11 years, healed rickets after treatment. 
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The patients shown in Table 1, all of whom hada 
solitary bone or soft tissue tumour, were treated 
surgically, and their rickets were either cured or 
markedly improved, except for Case 3 who died of 
malignant disease. Surgical removal was not 
possible in our case owing to the large number of 
bone tumours; from the therapeutic point of view 
he resembled the cases of fibrous dysplasia described 
by Dent and Gertner (1976). 

Medical treatment in these cases is difficult, and 
all forms of hypophosphataemic rickets seem 
relatively resistant to vitamin D. In children with 
familial hypophosphataemic rickets very large doses 
of vitamin D cause the rickets to heal (Albright et al., 
1937), but may cause hypercalcaemia and nephro- 
calcinosis (Moncrieff and Chance, 1969). Oral 
phesphate supplements alone were found ineffective 
in the case reported by Salassa et al. (1970). Com- 
bining oral phosphate and vitamin D in relatively 
small doses has been found effective in familial 
hypophosphataemic rickets (Glorieux ef al., 1972), 
and was the treatment used before surgery in most 
cases of tumour rickets. 

Rickets usually precedes the appearance of the 
tumour, sometimes-by many years (Olefsky ef al., 
1972), and it can be seen in Table 1 that the nature of 
the tumour has varied considerably. Our case 
resembles that described by Pollack er al. (1973) in 
having a nonosteogenic fibroma, but it differs in the 
widespread nature of the disease. 

The rickets is presumably due to hypophospha- 
taemia resulting from failure of phosphate reabsorp- 
tion in the renal tubules. This is an isolated tubular 
defect for there is no glycosuria, aminoaciduria, or 
acidosis. 

After removal of the tumour, tubular reabsorp- 
tion of phosphate reverts to normal, the serum 
phosphate level rises, and the rickets heals. All 
medical treatment can be stopped. This implicates 
the tumour as the cause of the hyperphosphaturia. 
It seem unlikely that this effect is mediated by para- 
thormone for this has been normal when measured, 
as in our case. A possible explanation of the hypo- 
phosphataemia was offered by Pollack et al. (1973) 
and Harrison (1973), who suggested that the tumours 
produce a hormone which acts directly on the renal 
tubules inhibiting phosphate reabsorption. Such a 
tumour may be small and clinically unobstrusive 
although metabolically very active. This is illustrated 
by one of the patients with osteomalacia reported by 
Stanbury (1972) in whom a small destructive lesion 
in a fibula was found retrospectively in an x-ray 
taken 8 years before a sarcoma became clinicaily 
apparent. Thus when acquired hypophosphataemic 
rickets or osteomalacia is diagnosed, a very careful 


made. It may be that further research will lead to the 
extraction of a phosphaturic agent in these tumours. 


Addendum April 1978. Subsequently the rickets 
healed radiologically and biochemically with daily 
doses of phosphorus 3 g and calciferol 1-5 mg. 


We thank Professor Price (Bristol) who suggested 
the diagnosis on the basis of the bone sections and 
Dr J. Cocker for reporting the biopsy. The late 
Professor C. Dent* also made the diagnosis on the 
basis of the radiographs and supervised the early 
treatment; we had hoped to write this paper with 
him. 


*Charles Dent, who died on 19 September 1976, became a 
member of the editorial committee of the Archives in 1963, 
and from then onwards the editors were fortunate in being 
able to make frequent use of his unique knowledge of the 
metabolic disorders of bone, besides publishing many of his 
papers. D.G. 
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Infection with hepatitis B virus in infancy 


A longitudinal study of 8 cases 


PETER SKINHOJ 


From the Department of Infectious Diseases, Rigshospitalet 2100, Copenhagen Ø, Denmark 


SUMMARY Eight infants who developed HB,Ag aged between 1 and 5 months were identified in 
the greater Copenhagen area during the period 1970—76. 7 had acquired the infection from their 
mothers and one had received a HB,Ag-positive blood infusion. 3 infants had a transient infection 
lasting 2 to 8 months while the remaining cases developed persistent antigenaemia with evidence of 
minor liver dysfunction during a follow-up of one to 6 years. HB,Ag was persistently present in 4 
of 5 infants, indicating infectivity in these patients. Prematurity or administration of specific immuno- 
globulin at delivery apparently did not affect the course of infection. 


Infection with hepatitis B virus is a rare cause of the 
hepatitis syndrome in infancy (Mowat et al., 1976; 
Danks et al., 1977). However vertical transmission 
from an infectious mother to her newborn infant has 
been recognised as an important mechanism for the 
maintenance and dissemination of hepatitis B in 
many areas (Mazzur and Blumberg, 1974; Okada 
et aL, 1975; Stevens et al., 1975), and this type of 
infection may account for most asymptomatic 
HB, Ag carriers found in adults (Sevens ef al., 1975). 

In the few series of neonatal infection reported, 
cons‘derable differences have been observed regard- 
ing the infants’ mothers, the clinical features of the 
infection, and the incidence of persistent infection 
in the children (Dupuy eż al, 1975; Schweitzer, 
1975; Stevens et al., 1975). In order to delineate the 
course of this infection in infants, a prospective 
study of all recognised cases of hepatitis B in children 
aged less than one year between 1970 and 1976 in the 
greater Copenhagen area (population 1-5 million) 
is presented, 


Materials and methods 


All obstetric and paediatric departments, and the 
department of infectious diseases, in the greater 
Copenhagen area reported any case in which 
infection with hepatitis B virus was suspected in a 
pregnant woman or in an infant. By surveying dis- 
charge summaries in 1976 we confirmed that no 
further cases had occurred. 

The diagnosis of hepatitis B infection was based 
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on the detection of HB,Ag in the blood at age one to 
6 months. No case of congenital hepatitis B—i.e. a 
persistent positive HB,Ag reaction from the day of 
birth—was identified. 

Serological evaluation of the children was made in 
hospitals; children persistently positive for HB,Ag 
were investigated further by regular clinical exam- 
ination and measurement of the levels of pro- 
thrombin, alkaline phosphatases, bilirubin, albumin, 
immunoglobulin G, A, and M, and (by radio- 
immunoassay) HB,Ag and anti-HB, (Skinhgj et al., 
1976) HB.Ag and anti-HB, were estimated by 
agar-gel diffusion (Skinhgj et al., 1976). 


Results 


The survey resulted in identification of 8 cases of 
hepatitis B infection (Table). 


Origin of infection. The mothers of 7 infants were 
known to be HB,Ag-positive at delivery or less than 
2 weeks before. 4 of these mothers had uncompli- 
cated acute hepatitis with transient antigenaemia, 
while 2 were persistent carriers of HB,Ag. One had 
chronic persistent hepatitis, the other had had a 
renal transplant and received prednisore and 
azathioprine; she had two children 3 years apart and 
both were included in the study. 

Case 7 was born to a healthy woman, and the 
infant required exchange transfusions for neonatal 
hyperbilirubinaemia. At age 2 months the infant was 
also given a blood transfusion, for anaemia, from a 
donor subsequently found to be a healthy carrier of 
Hb, Ag. 
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Table Eight cases of hepatitis B infection 








Case Sex Birth- Mode of Source of Immuno- 
weight delivery infection prophylaxis 
(kg) 
1 F 1-9 Spontaneous Mother AHB None 
2 M 2.8 Caesarean Mother RT None 
section CHB HBeAg -+ 
3 M 3-0 Caesarean Same as 2 2 ml HBIG 
section 
4 F 2-4 Spontaneous Mother AHB None 
5 M 2.6 Spontaneous Mother AHB None 
6 F 3.6 Spontaneous Mother CPHB 2 ml HBIG 
HBeAg 0 
F 2.3* Spontaneous Blood donor None 
healthy 
HBsAg carrier 
8 F 2-3 Caesarean Mother AHB 1-5 ml HBIG 
section 





*Weight at infection. 

AHB = acute hepatitis B; 

RT = renal transplant, receiving prednisone and azathioprine; 
CHB = chronic hepatitis B; CPHB = chronic persistent hepatitis B; 
HBIG = hepatitis B immunoglobulin. 


The 4 infants born to mothers with acute hepatitis 
were all born 4 to 6 weeks before term, but their 
neonatal course was unremarkable. 


Course of infection. The infants showed no physical 
disorder, although one (Case 8) was slightly jaundiced 
for 2 weeks. 

Laboratory data are summarised in the Figure. All 


n w N -+ 

IO 

CU 

Q 
+ : 
on eo 
co 
NI 
Co 
oi 

A - 

Et 


Case number 
o 


co - 
Po m 
a 
Y 


0 0 E. * 0 0JO 
: NES 34 31 94| 24 2 
0 


OANTI-HBs* 
BT 30 Pen Ae! 21 D 
00 + ++ + + 4 Q D O 


j| D a 
e+ & 
1 2 3 6 P 1 
Monihs 


Numbers above lines give s-ALAT titres (normal upper limit 40 U/l). 
Numbers below lines show results of HBsAg tests, + = positive, 0 - 
HBIG = hepatitis B immunoglobulin, BT = blood transfusion. 


Figure Course of hepatitis B infection in 8 infants. 
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infants became antigenaemic within 6 months, but 
specific hepatitis B immunoglobulin (Skinhoj and 
Balstrup, 1975) given to 3 infants tended to prolong 
the incubation period to 12-15 weeks, compared with 
6-10 weeks for the untreated infants. In 3 infants 
(Cases 6, 7, 8) a more than 2-fold increase of s-ALAT 
was found within one month after development of 
HB;Ag: 2 subsequently eliminated this antigen. 

The course of infection in an infant was apparently 
not influenced by the state of the mother—e.g. 
HB,Ag carrier or transiently infected at delivery 
(Table)—nor by the infant’s birthweight or mode of 
delivery. 


Follow-up studies. The 5 children still HB,Ag- 
positive at 12 months remained so throughout the 

eriod of study. 3 cases had persistently raised 
s-ALAT values, but other liver function tests 
remained normal in all infants. 

HBeAg was present in all 5 infants and remained 
so in 4. In the transiently infected children, a normal 
anti-HB, response was observed after elimination 
of HB,Ag. 


Discussion 


Observations in 
1974; Schweitzer 


In accordance with previous 
Caucasians (Papaevangelou et al., 
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1975; Skinhoj et al., 1976) our group of children 
acquired the infection from their mothers who in 
several cases had acute hepatitis, but 3 of the 
mothers were immunosuppressed because of a renal 
graft or had chronic persistent hepatitis. This is 
known to carry a high risk of infectivity and should 
be separated from the healthy carrier state. 

HB, antigen is usually present in infectious cases. 
Its presence in the serum in pregnancy is associated 
with an increased incidence of infection in infants 
(Okada et al., 1976; Skinhoj et al., 1976; Beasley 
et al., 1977; Gerety and Schweitzer, 1977). 

In contrast with some previous reports (Wright 
et al., 1970; McCarthy 1973; Dupuy ef al., 1975, 
1977), our study indicates that some infected children 
may be expected to eliminate the agent before the age 
of one year with no major complications. 

Our results suggest that s-ALAT may perhaps 
be a prognostic marker. 2 of the 3 children with 
abnormal values terminated the infection, while 4 
out Of 5 without measurable inflammatory reaction 
became chronic carriers of HB,Ag. Similar findings 
in adults (Barker and Murray, 1971) suggest that 
liver damage is related to the immune response 
rather than to viral replication (Edgington and 
Chirari, 1975). 

With regard to prevention of the infection, neither 
preterm caesarean section nor withholding breast 
feeding has been effective (Beasley et al., 1975). 
Hepatitis B immunoglobulin (Kohler et al., 1974; 
Schweitzer, 1976) was given to 3 of our patients but 
all subsequently became infected, and the course was 
similar to that of the other cases, except that the 
incubation period tended to be longer. 

Similar disappointing results have been obtained 
in another study (Cossard and Cohen, 1976). 
Pharmacological immunostimulation with levamisole 
or similar substance might provide a measure for 
terminating the prolonged infection. Otherwise, 
children still positive for HBsAg at one year are 
likely to become carriers, and although these children 
apparently develop normally, the long-term prog- 
nosis is unknown, while the persistence of HBeAg 
indicates that these individuals will be vectors of 
hepatitis B virus for many years. 
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Short reports 


Growth and milk intake of normal 
infants 


Until recently, most British infants had been fed 
either by breast or on one of the traditional ‘full 
cream’ milks. Since the publicity given to the recom- 
mendations of the Department of Health and Social 
Security in its report Present Day Practice in 
Infant Feeding (1974) and the advice in 1976 to the 
general public via television, radio, and the news- 
papers, full cream milks have mainly been aban- 
doned. The modified formulae which have taken 
their place, although superficially similar, may be 
fundamentally different, particularly regarding the 
fat used in their formulation (Widdowson ef al., 
1974; Mettler, 1976). The growth rates of infants 
fed 3 modified formulae were studied and a com- 
parison was made with a group of infants fed at 
the breast. 


Subjects and methods 


94 normal term infants were studied. The mothers 
were interviewed antenatally, and consent obtained 
to study the infants. Mothers not wishing to breast 
feed were randomly allocated to one of 3 bottle 
milk groups before delivery of the infant. 
Group A. Breast fed (33 infants—18 boys and 15 
girls). 
Group B. Cow and Gate V formula, skimmed milk 
with added vegetable oils and lactose (16 infants— 
9 boys and 7 girls). 
Group C. Cow and Gate Premium, cows’ milk whey, 
lactose, vegetable oils, and cream (27 infants— 
16 boys and 11 girls). 
Group D. Cow and Gate Baby Milk Plus, cows' 
milk with additional cream and lactose (18 infants— 
10 boys and 8 girls). 

The concentrations of the principal nutrients of 
the 3 bottle milks and values for human milk from 
Cardiff women are shown in Table 1. 





Table 1 Principal nutrients of milks (per 100 ml) 
Group Protein Fat Lactose Kcal MJ 
(g) (g) (g) 
A 1-4 3.8 7.0 68 0-28 
B 1-8 3.2 7.0 63 0-26 
C 1-8 3.4 6.9 64 0-27 
D 1-8 3-4 7.0 63 0-26 
———— Enn 


Infants were seen at birth, and again at 1, 2, 3, 
and 6 months. Weight was measured with an Avery 
beam balance (to the nearest 10 g), length with a 
neonatometer (Davies and Holding, 1972), and 
occipito frontal circumference with a steel tape (to 
the nearest 1 mm). Skinfold thickness was estimated 
using a Harpenden caliper (Tanner and Whitehouse, 
1975) at subscapular and triceps sites. The measure- 
ments at each site were combined for analysis. 
All measurements, except birthweight, were made 
with the same set of instruments by one observer. 

The mothers were advised to feed their infants ad 
libitum but to avoid weaning until at least 4 months 
of age. Breast-fed infants were excluded if given 
more than the occasional bottle feed. All the mothers 
were given specifically designed forms on which to 
record information about feeds once every 14 days. 

Statistical analysis of difference between means 
was by Student's ¢ test. The skinfold measurements 
were subjected to a log transformation (Tanner and 
Whitehouse, 1975) before t testing. 


Results 


Growth data (Table 2). There was no significant 
difference between the groups at birth. 

The weekly weight gains of the 4 groups were 
similar for the 4 age intervals, apart from a signi- 
ficantly greater velocity between 2 and 3 months for 
group A and group D infants. When the weight 
velocity for the interval 0 to 3 months was calculated 
no significant difference was found between the 
mean weight gains of the 4 groups. 

The mean crown-heel length velocities showed no 
significant difference either for each one-month 
interval from birth to 3 months or for the whole 
period, and the same uniformity in head growth 
(OFC) was found. 

The increments in skinfold showed a pattern 
similar to the changes in weight, group A infants 
making the most rapid gain in the first month but 
groups B, C, and D infants making an acceleration 
by the 3rd month. 


Milk intake (Table 3). The volume of milk consumed 
per day at approximately 1, 2, and 3 months was 
divided by the baby's weight to give volume in 
ml/kg per day, and the mean results for the 3 bottle- 
fed groups are shown in Table 3. At each age the 
milk consumed per kg was greatest for group B, 
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Table 2 Growth data of 4 feeding groups 


Group No. 0-I month 1-2 months 2-3 months 3-6 months 


of 


infants 





(Weight gain (g|week) (mean values 3- SE) 


A 33 175+14-9 1784 8.77 145:.:12.58 118+9-24 
B 16 144--13.99 190+19-65 176+19-75 122+8-82 
C 27 172--11-58 202+11-82 176+ 8-47 131+4-86 
D 18 151-413-81 206--12-78 187+12-59 132+6-01 


No significant difference between the groups except D/A 2-3 
months P<0-05 


Linear growth velocity (mm|week) (mean values + SE) 
33 9-3440-45 7-8 +0-51 5-4740-49 3-92+41-74 


A 

B 16 9-86+0-93 8-1 +0-58 6-8340-72 4-32+2-17 
C 27 8-5140-48 8-47--0-54 5-3540-41 4-16+1-79 
D 18 8-8340-52 $8.03--0.64 6.-03--0.6 4-12+2-83 


No significant difference between groups 


Head circumference growth (cm|week) (mean values +-SE) 


A 33 0-58--0.002 0.40--0-02 0-27+0-02 0-22+0-09 
B 16 0.54--0.04 0-39+4+0-03 0-34+0-02 0-22+0-14 
C 27 0-55+0-03 0-4140-03 0.35--0.02 0-22+0-09 
D 18 0-56+0-02 0-38+0-03 0-3140-03 0-23+0-15 


No significant difference between the groups except A/C 2-3 months 
P<0-62 


Combined skinfold thickness (triceps and subscapular) mm|week 


A 32 0-60+0-078 0-22+0-062 0-15+0-068 
B 13 0-40+0-081 0-23+0-070 0-46+0-073 
C 26 0-51+0-107 0-35+0-070 0-21 +0-078 
D 18 0-40+0-08 0-30+0-089 0-38+0-144 


No significant difference between groups 


Table 3 Milk intake (ml/kg per 24 h). (Mean values 





Group No. of I month 2 months 3 months 
infants 

B 14 200.9 +6-82 187-214+8-71 182 +8-44 

C 26 188-16--5.75 176-5 +3-86 157 +7-36 

D 15 192-4 +8-15 185.1 +9-58 169-46+8-77 





(Group B/C at 3 months P —0-05). 


least for group C, and intermediate for group D, 
although only at 3 months did a significant difference 
exist. 


Discussion 


Breast-fed infants are usually thought to gain less 
weight than bottle-fed infants (Fomon et al., 1971). 
However, in this study, weight velocities were 
similar in the breast- and in the 3 different bottle-fed 
groups. An earlier study of infants in South Wales 
found a much greater weight gain, 230 to 279 g per 
week, from birth to 3 months (Davies et al., 1977). 
However, the infants in this study, unlike those 
studied by Davies ef al., were not given solids and 
were fed either by breast or on a modified low- 
solute formula which may account for the differences. 


Although the differences were small, it is interesting 
to note that the breast-fed infants made the most 
rapid gain during the 1st month but the least 
during the 3rd month, for both weight gain and 
skinfold thickness. 

Formulae—such as Baby Milk Plus—which use 
only butter fat as a source of lipid have been 
criticised because of their low linoleic acid content 
compared with breast milk. Nevertheless no adverse 
effect was noted in this study on the head or linear 
growth of infants in group D. The differing fatty 
acid content of the milks may however have an 
important effect on lipid absorption. Human milk 
fat is relatively well absorbed (5% excretion) 
compared with butter fat (14% excretion) (South- 
gate and Barrett, 1966). Milner et al. (1975) found a 
mean faecal fat excretion of 28% for infants fed on 
Cow and Gate V formula, but the infants studied 
were all preterm. No comparative studies for Cow 
and Gate Premium are available but a consideration 
of the fat used in its manufacture and its fatty 
composition would suggest a fat absorption better 
than either Cow and Gate V formula or Baby Milk 
Plus. Fomon (1974) has postulated and presented 
some proof that infants are able to regulate their 
calorie intake by increasing the volume of milk 
consumed if given a 'diluted' formula. Loss of 
calories as unabsorbed fat probably accounted for 
the persistently larger milk intake of the babies fed 
V formula despite their relatively lower weight gains. 
The infants in this study were fed ad libitum but if a 
rigid rule of 150 ml/gk had been adhered to it seems 
likely that a suboptimal weight gain and hungry 
infants would have resulted, or the mothers resorted 
to the use of solids. 


Summary 


The growth of 94 normal term infants was studied 
from birth to 6 months. 33 infants were breast fed 
and the others randomly allocated to one of 3 
bottle feeds—Cow and Gate V formula, Baby Milk 
Plus, and Premium. The weight, length, and head 
growth velocities were similar in all 4 groups. The 
infants fed Cow and Gate V formula consumed a 
larger volume of feed at 3 months than the infants fed 
the 2 other formulae despite a slower weight gain. 
It is suggested that this is related to loss of calories 
in unabsorbed fat. 

The weight gains of all 4 groups in this study 
were considerably less than infants fed unmodified 
milks and early solids, studied in the same region 
several years earlier. 


I thank Professor O. P. Gray, Dr J. A. Dodge, 
Mrs T. Keogh, and Miss H. Bleach for advice and 


assistance throughout this work, the Welsh National 
School of Medicine and Cow and Gate Baby Foods 
for financial support and the infants’ mothers for 
their time and co-operation. 
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5-o- Reductase deficiency causing 
male pseudohermaphroditism 


Growth of the phallus, fusion of the labia, and 
formation of the scrotum in males require the con- 
version of testosterone to 5-«-dihydrotestosterone 
(DHT) at tissue level. The enzyme required for this 
conversion is 5-«-reductase which is found in high 
concentration in fetal urogenital tissue (Wilson, 
1975). Testosterone itself brings about obliteration 
of the lower part of the vagina and descent of the 
testis. Lack of 5- «-reductase produces a form of fetal 
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androgen insensitivity which has specific clinical 
features (Peterson ef al., 1977). Recognition of the 
condition is crucial to deciding on the sex of rearing. 


Case history 


The baby was born at term by normal delivery in 
Lahore, West Pakistan. Birthweight was 3-5 kg. 
The pregnancy was uneventful and no drugs were 
ingested. The parents were unrelated and there was 
no relevant family history. 

Ambiguous genitalia were noted at birth. At age 
24 years the patient was brought to the UK for 
investigation. Physical development and milestones 
were normal. Length was on the 50th centile. 
Examination of the external genitalia (Figure) 
revealed two palpable testes in labial folds and a 
slightly enlarged clitoris with an urethral opening at 
its base. There was no vaginal opening. 

Investigations showed normal male karyotype. 
Diurnal values of plasma cortisol and ACTH «were 
normal. After 3 injections of human chorionic 
gonadotrophin 750 units on alternate days, plasma 
testosterone rose from 0-8 to 15.8 and 17.8 
nmol/l (0:2 to 4-6 and 5-2 ng/ml) on days 4 
and 6. Testicular biopsies showed seminiferous 





Fig. 


Age 24 years, ambiguous external genitalia. 
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tubules containing both sertoli cells and spermato- 
gonia. Leydig cells were also present in both testes. 

5-a-Reductase activity was estimated in scrotal 
skin according to the method of Wilson and Walker 
(1969). 82 mg scrotal skin were incubated as 0-5 mm 
slices in Krebs-Ringer bicarbonate buffer with 
glucose and 1, 2, 6, 7 °H testosterone at a concen- 
tration of 10^? mol/l for 60 minutes at 37°C. The 
medium and tissue were extracted twice with ethyl 
acetate. 30 ug each of testosterone and 5- «-dihydro- 
testosterone were added to the dried extract and the 
mixture was applied to a paper chromatogram and 
run in a descending direction for 16 hours in a 
Bush A system. 

Testosterone was located by viewing under ultra- 
violet light and 5-e«-dihydrotestosterone by com- 
parison with standard strips stained with Zimmer- 
mann reagent. The chromatogram was examined by 
a strip scanner and two radioactive peaks were 
found, one corresponding to testosterone and one 
running in front of where DHT would be expected. 
This second peak and the DHT area were eluted with 
ethanol and examined by gas-liquid chromatography 
using an electron capture detector. DHT was found 
only where it would have been expected and not 
associated with the second radioactive peak, which 
was probably 4A-androstenedione. The eluate was 
also assayed in a liquid scintillation counter and 
again activity could not be detected in the DHT 
area. The conclusion was that there was absence of 
5- a-reductase activity in the scrotal skin. 

The infant subsequently underwent a first-stage 
repair of his perineal hypospadias with correction 
of chordee and removal of prepubic fat to improve 
the appearance of the phallus. Examination under 
anaesthetic confirmed absence of muellerian struc- 
tures. 

At the end of these investigations the child was 
joined by his mother who brought with her a newly- 
born male sibling whose genitalia were identical in 
appearance with those of the index patient. No 
investigations have yet been carried out on this 
sibling. 


Discussion 


The development of the bipotential fetal gonad at 
the 6th week of organogenesis is dependent on the 
sex chromosomes present. A Y-chromosome, even 
in an aberrant form, is associated with the presence 
of H-Y antigen which ensures differentiation of a 
testis. The subsequent development of the Wolffian 
system is dependent on testosterone secreted by the 
testis; development of the external genitalia requires 
conversion of testosterone to 5-a-dihydrotesto- 
sterone at tissue level (Wilson, 1975). 


Two male negro siblings with ambiguous genitalia, 
initially classified as having ‘pseudovaginal perineo- 
scrotal hypospadias', were found to have an inability 
to convert testosterone to dihydrotestosterone and 
were reported from Texas (Walsh e£ al., 1974). 38. 
male pseudohermaphrodites from 24 families have 
been discovered in 4 villages in the south-western 
section of the Dominican Republic, demonstrating 
a similar defect (Peterson et al., 1977). This case is 
the first reported as originating from Asia and, like 
the other cases, the 5-a-reductase deficiency is 
presumed to be inherited as an autosomal recessive 
(male limited) because our patient has a younger. 
sibling with identical genitalia. It could, alternatively, 
be inherited as an X-linked recessive condition. 

This diagnosis is important to make because it 
affects the decision on the sex of rearing. 5-a- 
Reductase activity in sex-sensitive skin rises during 
the 3 months after birth in normal subjects and then 
falls progressively, reaching levels in adults which are 
as low as those observed in nonperineal skins from 
subjects of all ages (Wilson and Walker, 1969). The 
events of male puberty, growth of the penis and sex 
hair, are dependent on testosterone itself. Thus 
patients with 5-«-reductase deficiency, in contra- 
distinction to patients with the various forms of 
androgen insensitivity (testicular feminisation), mas- 
culinise at puberty. The voice deepens, there is no 
breast development, and the phallus enlarges to 
become a functional penis. The change is so striking 
that in Salinas, in the Dominican Republic, the 
patients are called guevedoces-penis at 12 years of 
age (Imperato-McGinley et al, 1974). Whether 
dihydrotestosterone is important for growth of the 
internal male organs at puberty is not known, but 
5-a-reduced androgens may play a part in the 
differentiation and maturation of sperm (Wilson, 
1975). 

In our patient we attempted to correct the 
hypospadias early and strongly recommended 
rearing as a boy for the reasons given. It would be 
extremely unfortunate if such cases were regarded 
as girls in the expectation of female characteristics 
developing at puberty, as happened in the first 
discussed cases. It would be equally wrong to treat 
such cases as if they had the micropenis syndrome 
and to consider converting the sex of rearing to a 
female one (Grant et al, 1976). Psychosexual 
orientation in pubertal patients is male, and sper- 
matogenesis has been demonstrated in a testicular 
biopsy of an affected subject (Peterson et al., 1977). . 
It is not known whether the patients are fertile. 


Summary 


An infant with male pseudohermaphroditism due to 


deficiency of 5-«-reductase is described, the elder of 
two affected male siblings. These patients, who come 
from Pakistan, are the first to be described outside 
America. 


We are grateful to Mr Richard Turner-Warwick for 
undertaking surgery on our patient. 
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Congenital dyserythropoietic 
anaemia type I in two brothers 
presenting with neonatal jaundice 


Congenital dyserythropoietic anaemia (CDA) is a 
name given to a group of hereditary refractory 
anaemias which show ineffective erythropoiesis, 
characteristic morphological abnormalities of the 
erythroblasts, an inappropriately low reticulocyte 
response, mild hyperbilirubinaemia, splenomegaly, 
and secondary haemochromatosis. From their 
morphological and serological features these anae- 
mias have been classified into 3 groups although there 
is some overlap between them (Heimpel and Wendt, 
1968). Type I is characterised by macrocytosis and 
internuclear chromatin bridges, type II shows 
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binucleated and multinucleated normoblasts and 
positive acidified serum lysis, and type III has giant 
multinucleated erythroblasts. CDA type I, first 
described by Heimpel et al., in 1968, appears to be 
the least common of this rare group of anaemias 
with 21 cases reported—including three pairs of 
siblings (Heimpel, 1976). This report describes 2 
brothers with CDA type I, both of whom presented 
with neonatal jaundice. 


Case reports 


Case 1. A 3-5 kg baby boy was admitted to this 
hospital at 2 days following vacuum extraction at 38 
weeks after spontaneous onset of labour. The liquor 
was noted to be deep orange. Apgar scores were 4 at 
1 minute and 9 at 10 minutes. Cord blood serum 
bilirubin was 60 umol/l (3-5 mg/100 ml) and the 
direct antiglobulin test was negative. Before being 
transferred to this hospital a cyanotic episode had 
occurred, slight jaundice was clinically evident; and 
treatment with antibiotics was begun because of 
suspected neonatal sepsis. The patient was the first 
child of unrelated parents and there was no family 
history of any haematological disorder. Examination 
revealed a slightly jaundiced, term infant with 2 cm 
hepatomegaly and 3 cm splenomegaly. Blood count 
showed Hb 14-5 g/dl, WCC 25-0 x 109/1; 25 000/ 
mm? (neutrophils 15-5 x 10°/l, lymphocytes 8-0 x 
10?/1; 15 500/mm?, 8000/mm?), nucleated RBC 
5-4 x 10?/1 (5400/mmY?), and platelet count 50 x 10?/1 
(50 000/mm?). Red cells showed anisopoikilocytosis, 
macrocytosis, fragmented cells, and a few stipple cells. 
Serum bilirubin was 67 umol/l (3-9 mg/100 ml). 
Direct antiglobulin test was negative and blood 
groups of both mother and baby were A-positive. 
Bacterial cultures and search for prenatal infective 
agents were negative and antibiotics were stopped on 
the 7th day. When discharged at 19 days he was well 
with 1 cm hepatosplenomegaly, Hb 10-5 g/dl, 
WCC 15-0 x 10?/1 (15000/mm?) platelets 400 x 
10?/1 (400 000/mm?), and the nucleated red blood 
cells had disappeared. At 8 weeks he was readmitted 
with Hb 6-3 g/dl and transfused with packed red 
cells. The abnormal red cell morphology was un- 
changed and the provisional diagnosis was infantile 
pyknocytosis. 

During the subsequent 2 years he remained well 
but had persistent hepatosplenomegaly of 1 cm. Hb 
varied between 8-5 and 10-5 g/dl, reticulocytes 
between 1-0 and 2-5%, serum bilirubin was 19 
umol/l (1-1 mg/100 ml) and haptoglobins were 
absent. The blood film showed persistent abnormal 
red cell morphology characterised by anisopoikilo- 
cytosis, macrocytosis, fragmented cells, and stipple 
cells. Blood counts and red cell morphology of both 
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parents were normal. The following investigations 
showed no abnormalities: direct antiglobulin test, 
glucose-6-phosphate dehydrogenase, pyruvate kinase, 
autohaemolysis, Hb electrophoresis, Hb H, acidified 
serum lysis, serum and red cell folate, serum B12. 
The serum iron was raised to 47-8 umol/l (267 ug/ 
100 ml), the iron binding capacity was 50-7 mol/l 
(283 ug/100 ml) and saturation 94%. Bone marrow 
aspiration at 26 months showed morphological 
abnormalities of the erythroblasts consistent with 
CDA type I. 


Case 2. A 3-5 kg baby boy, the younger brother of 
Case 1, was admitted to this hospital at 18 hours of 
age after normal delivery at 41 weeks and artificial 
rupture of the membranes. The liquor was noted to 
be deep orange. Apgar scores were 8 at 1 minute and 
10 at 5 minutes. Cord blood serum bilirubin was 
92 umol/l (5-3 mg/100 ml) and direct antiglobulin 
test was negative. Blood groups of mother and baby 
were A-positive. On examination the baby was a 
healthy, term infant with obvious jaundice and 2 cm 
hepatosplenomegaly. Serum bilirubin was 240 u.mol/l 
(14 mg/100 ml). Blood count showed Hb 15-4 g/dl, 
WCC 25.0 x 10?/] (25000/mm?) (neutrophils 
13-5 x 10?/l, lymphocytes 8-5 x 10?/1; 13 500/mm?, 
8500/mm?), nucleated RBC 11-0 x 10?/1 (11 000/ 
mm?) and platelets 120 x 10°/1 (120 000/mm?). 
Red cell morphology showed anisopoikilocytosis, 
macrocytosis, fragmented cells, and an occasional 
stipple cell; many of the nucleated red cells 
were bilobed. Bone marrow aspiration on day 
3 showed morphological abnormalities of the 
erythroblasts suggestive of dyserythropoetic anae- 
mia. Glucose-6-phosphate dehydrogenase, pyruvate 
kinase, osmotic fragility, autohaemolysis, acidified 
serum lysis, serum B12, serum and red cell folate were 
all normal. The patient was treated with photo- 
therapy for 48 hours and discharged well on the 5th 
day with Hb 16-7 g/dl and serum bilirubin 158 
umol/l (9:2 mg/100 ml). At 8 weeks of age Hb had 
fallen to 6-3 g/dl and he was transfused with packed 
red cells. During the next 12 months he remained 
well with persistent hepatosplenomegaly of 1 cm 
and Hb between 9-6 and 10-8 g/dl, reticulocytes 
1-075, and serum bilirubin 19 zmol/I (1-1 mg/100 ml). 


Bone marrow morphology 
Light microscopy. 


Case I. Iliac crest aspirate at 26 months of age was 
hypercellular with erythroid hyperplasia, and a 
myeloid erythroid ratio 1-5:1. Granulopoiesis was 
normal and megakaryocytes appeared normal. 
Morphological abnormalities were confined to the 


intermediate and late erythroblasts while the pro- 
erythroblasts and basophilic erythroblasts appeared 
normal. There was asynchrony of nuclear cytoplasmic 
maturation and abnormalities of both nuclear 
chromatin structure and cytoplasm. Some nuclei 
were pale and poorly demarcated, and others were 
denser than normal, some with coarse chromatin 
clumps, others a dense homogenous mass. In many 
cells the cytoplasm appeared irregularly haemo- 
globinised with pale areas and vacuolisation. Double 
nuclei were found in 2-6% of erythroblasts and 
many were of unequal size and of different chromatin 
appearance (Fig. 1); a few cells had 3 nuclei. In 
2-4% of erythroblasts large cells contained a large 
nuclear mass partially cleaved into 2 segments. Fine 
internuclear chromatin bridges joining pairs of cells 
were seen in 1-4% of erythroblasts (Fig. 2). Iron 
stores were increased. 


Case 2. Marrow was aspirated from the tibia at 3 
days. Cellularity was normal and the myeloid 
erythroid ratio was 1:5:1. Abnormalities were 
confined to the intermediate and late erythroblasts 
with asynchrony of nuclear-cytoplasmic maturation, 
irregularities and vacuolisation of the cytoplasm, 
and changes in nuclear chromatin structure. Some 
nuclei were pale and poorly demarcated, others were 
denser than normal. Bilobed nuclei were seen in 
1-5% of erythroblasts and a few cells had 3 nuclei. 
A large partially cleaved nucleus was present in 
3-5% of erythroblasts. No definite internuclear 





erythroblast with two nuclei of unequal size and 
different chromatin appearance. 
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Fig. 2. Bone marrow smear. A pair of 
erythroblasts joined by a fine internuclear 
chromatin bridge. 


chromatin bridges could be seen. A second specimen 
was obtained from the iliac crest at age 10 months. 
Appearances were similar to the above with, in 
addition, pairs of cells linked by internuclear 
chromatin bridges. Iron stores were increased. 


Electron microscopy. Appearances were similar in 
both patients and were consistent with CDA type I. 
Mononucleated and binucleated erythroblasts were 
detected. The condensed heterochromatin was 
uneven and in many cells the nuclear outline was 
irregular with bridges of heterochromatin connecting 
the more regular parts of the nucleus. The nuclear 
envelope was in some instances deficient, permitting 
direct contact of nuclear and cytoplasmic contents. 
Microtubules were regularly found in the cytoplasm. 


Discussion 


These brothers with CDA type I presented with 
deep orange liquor, neonatal jaundice, and anaemia 
requiring transfusion at 8 weeks. In Case 1 the 
neonatal jaundice was attributed to unproved neo- 
natal sepsis and the persistently abnormal red cell 
morphology led to a diagnosis of infantile pykno- 
cytosis in the early months of life. However, the 
haematological features remained unchanged and 
later extensive investigations failed to reveal the 
cause of his anaemia. The findings of splenomegaly, 
border-line hyperbilirubinaemia, and absent hapto- 
globins suggested a haemolytic process but the 
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reticulocyte counts were only 1-0 to 2:0%. Two 
years later the second sibling presented with deep 
orange liquor and neonatal jaundice with no sepsis. 
The peripheral blood picture of numbers of bilobed 
nucleated red blood cells prompted an early bone 
marrow examination which proved to be highly 
suggestive of a congenital dyserythropoietic anaemia, 
and a bone marrow examination on the elder child 
Showed the typical features of CDA type I as 
described by Heimpel er al. (1971) and Lewis et al. 
(1972). However, in both cases these features could 
have been overlooked on light microscopical exam- 
ination. The incidence of internuclear chromatin 
bridges was very low, and on the first bone marrow 
in Case 2 they were not found despite an intensive 
search; the more subtle changes in nuclear chromatin 
structure were also relatively low in incidence. 


Summary 


Two brothers with congenital dyserythropoietic 
anaemia type I are described. Both presented with 
neonatal jaundice, required transfusion for anaemia 
at 8 weeks of age, and have subsequently remained 
well with only mild anaemia. Peripheral blood 
findings and bone marrow morphology on light 
and electron microscopy are discussed. 
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One-hour blood-xylose in cystic 
fibrosis 


The 1-hour blood-xylose test was sometimes 
performed (Schaad ef al., 1975, 1978) in children 
with cystic fibrosis (CF) during initial diagnostic 
procedures. We noticed that in these patients the 
I-hour blood-xylose values tended to be higher than 
in age-matched controls. 

Rolles et al. (1973) stated that in a group of 21 
children with CF the mean of the blood-xylose 
values was higher than in controls. 

Although we do not believe that this test helps in 
the diagnosis of CF we reinvestigated this pheno- 
menon in the present study. 


Materials and methods 


The 1-hour blood-xylose values of 26 patients with 
proved CF were compared with those obtained in a 
control group comprising 102 children of similar 
ages and weights. In the control group the test was 
done because malabsorption was suspected but in 
all these patients a morphologically normal jejunal 
biopsy was found and all other tests for small 
intestinal absorptive function including fat balance 
were normal. In patients with CF pulmonary 
symptoms were present and each exhibited some 
degree of pancreatic insufficiency with steatorrhoea. 
The diagnosis was confirmed by using the sweat test. 
The 1-hour blood-xylose test was performed 
according to Rolles et a/. (1973). 5 g p-xylose in 
100 ml water was given to the patient in the fasted 
state and exactly one hour later the venous blood 
sample was drawn. p-xylose was measured by the 
method of Roe and Rice (1948) as modified by 
Colombo (1978). 


Results and discussion 


The Table shows that there is a statistically signi- 
ficant difference between mean 1-hour blood-xylose 
values in the two groups and that patients with CF 
had higher blood-xylose concentrations. 

Because individual values overlapped the test is of 
no diagnostic use for identifying children with CF. 

We cannot explain the increased 1-hour blood- 
xylose values in patients with CF. We suspect how- 
ever that this phenomenon could be owing to 
decreased metabolism of xylose in the liver orto poor 
urinary clearance. The increased permeability of the 
smell intestinal mucosa to certain sugars suggested 
by Cibbons (1969) is another explanation. We 
believe that further investigations of the small 
intestinal function in CF would be of interest. 


Table One-hour blood-xylose values in the 2 groups 


Controls Cystic fibrosis 
Total no. 102 26 
Boys 65 14 
Girls 37 12 
Age (years) range 4/12-15 9/12 3 /12-16 7/12 
Mean 5 8/12 7 7/12 
Weight (kg) range 4-7-50-7 3-7-35-9 
Mean 18:3 19-7 
l-h blood-xylose (mg/100 ml) 
Mean 32-8 (2-18) 43-0 (2-86) 
Range 4-1-62-0 27-2-82-8 
(0-27-4- 13) (1-81-5.-51) 
SEM 1:04 2-63 
SD 10-51 13-45 
P for difference of the means* P —0-001 





*Student’s ¢ test. 
Figures in brackets are mmol/l. 


Within the CF group we found no correlation of 
l-hour blood-xylose concentration with weight, age, 
or severity of pulmonary symptoms. The possibility 
that the high l-hour blood-xylose values may be 
caused by hypovolaemia is unlikely since plasma 
volume was measured in several children with CF 
and it was not different from that in age-matched 
controls (O. Oetliker, personal communication, 
1976). 


Summary 


One-hour blood-xylose concentrations after an oral 
xylose load were measured in children with cystic 
fibrosis (CF) and healthy controls. The mean of the 
l-hour blood-xylose values was significantly in- 
creased in the group with CF. The finding confirms 
an earlier observation by Rolles ef al. (1973). Its 
significance is not at present understood but it 
suggests that small intestinal function should be 
further investigated in CF. 
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Theophylline toxicity in a neonate 


Theophylline and its derivatives have been widely 
used in the successful management of recurrent 
apnoeic attacks in preterm infants (Kuzemko and 
Paala, 1973; Shannon et al., 1975). Recently there 
have been reports of less beneficial metabolic 
sequelae of theophylline administration. Nobel and 
Light (1977) reported a diuresis in such an infant, 
theophylline infusion significantly raised blood 
glucose in 2 infants (Aranda and Dupont, 1976), 
and small infants may metabolise theophylline less 
efficiently than do adults (Aranda et al., 1976). We 
report a pair of twins, one of whom developed 
hyperglycaemia and glycosuria while receiving theo- 
phylline; these abnormalities were corrected within 
48 hours of stopping theophylline. The other twin 
also received theophylline, but at a smaller dose, 
and did not develop hyperglycaemia or glycosuria. 


Case histories 


Twins were born to a 24-year-old Caucasian primi- 
gravida. Pregnancy was uncomplicated but spon- 
taneous onset of labour occurred at 30 weeks' 
gestation and delivery of both twins was normal. 
Both twins were transferred to this unit from a 
referral hospital at 36 hours. 

Twin 1 was a girl weighing 880 g. Apgar scores 
were 9 and 10 at 1 and 5 minutes respectively. Short 
apnoeic attacks occurred on the first day and were 
initially treated by stimulation and increased 
ambient O, concentration. Treatment with oral 
choline theophyllinate at 2 mg/kg per day was 
begun on the 2nd day and a maximum plasma level 
of 4 ug/ml one hour after the dose was recorded. 

No increase in dosage was necessary and no 
apnoeic attacks took place after the 7th day. Theo- 
phylline treatment was discontinued on the 28th day. 
No hyperglycaemia or glycosuria was recorded. The 
only metabolic abnormality was a nonrespiratory 
acidosis treated with oral sodium bicarbonate. 
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Twin 2 was a boy weighing 880 g; Apgar scores 
were 7 and 10 at 1 and 5 minutes respectively. Early 
symptoms of respiratory distress developed and 
despite ambient O, concentration of 40-50%, 
recurrent apnoeic attacks occurred after 15 hours. 
At 30 hours intubation and intermittent positive 
pressure ventilation (IPPV) were required. The 
initial clinical and x-ray findings were compatible 
with hyaline membrane disease and IPPV was con- 
tinued for 3 days; this was followed by a further 9 
days of continuous positive airways pressure (CPAP), 
Apnoeic attacks initially resolved by the 10th day 
but were again present by the 20th day. On this 
occasion they were associated with copious pharyn- 
geal and tracheal secretions and radiological evidence 
of pulmonary consolidation. Serratia marcescens and 
Escherichia coli were grown from tracheal aspirates 
on separate occasions and appropriate treatment 
was given. An enterobacter septicaemia occurred on 
the 14th day and was treated with a 7-day course of 
flucloxacillin and gentamicin. ud 

IPPV was again necessary from day 27 to day 34 
followed by a period of nasal CPAP. Apnoeic 
attacks were not recorded after day 42. Oral choline 
theophyllinate was given from the 3rd day at an 
initial dosage of 2 mg/kg per day. Because of in- 
adequate control of apnoeic attacks despite the 
intermittent use of CPAP the dosage was increased 
by 1 mg/kg per day at approximately weekly 
intervals. Plasma levels were checked at similar 
intervals one hour after the dose and maximum 
plasma levels of 4 ug/ml were obtained. Hyper- 
glycaemia and glycosuria occurred on two occasions 
(Figure). The first episode was related to the use of 
10% dextrose IV in addition to a small dose of 
theophylline. During the second episode on the 34th 
day the infant was clear of infection and receiving 
230 ml/kg of expressed breast milk daily. Maximum 
urine sugar concentration was 1 % and blood glucose 
15 mmol/l (270 mg/100 ml). On this occasion the 
abnormalities were corrected within 36 hours of 
stopping theophylline. A metabolic acidosis, respon- 
sive to bicarbonate, and hyponatraemia were also 
recorded. The hyponatraemia resolved with the 
introduction of sodium supplements, but choline 
theophyllinate was also discontinued at this time. 

The infant was discharged to the referral hospital 
on the 45th day weighing 1-56 kg. 


Discussion 


Choline theophyllinate has been found of value in 
the management of apnoea of prematurity (Kuzemko 
and Paala, 1973; Shannon et al., 1975), but recent 
reports have suggested that it is not without risk 
(Aranda and Dupont, 1976; Aranda et al., 1976; 
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Nobel and Light, 1977). Although hyperglycaemia 
and glycosuria have been reported in older children 
suffering from theophylline poisoning (Vaucher et 
al., 1977), we do not know of any such reports in 
premature infants. However, in 2 such infants 
infusion of theophylline was shown to raise the 
blood glucose (Aranda and Dupont, 1976). In our 
twin 2, the second episode of hyperglycaemia and 
glycosuria was related to a recent increase in theo- 
phylline dosage despite a constant nutritional intake 
and without concomitant evidence of infection. 
Moreover, the decline in blood glucose corresponded 
with the time taken for elimination of theophylline 
from the body as judged from clearance studies 
made by Giacoia et al. (1976) and data from 
other cases (Vaucher et al., 1977). 

The explanation for this hyperglycaemia is not 
clear; the recorded plasma levels of theophylline 
did not exceed 4 ug/ml (below the levels that Vaucher 
obtained in poisoned children), but as our levels 
were taken one hour after theophylline adminis- 
tration, it may be that peak levels were missed. 
Giacoia et al. (1976) and Aranda et al. (1976) have 
shown that in small preterm infants metabolism of 
theophylline is less efficient than in adults, thereby 
increasing potential toxicity. From their studies, 
Giacoia et al. (1976) recommended a theophylline 
dosage of 2 mg/kg per 12 h instead of the 2-3 mg/kg 
per 6 h suggested by Shannon et al. (1975). 

In twin 2 the final dosage of theophylline exceeded 
this value at 2:5 mg/kg per 12 h and it is of interest 
that twin 1, of identical weight but receiving only 
1 mg/kg per 12 h, did not develop hyper- 
glycaemia and glycosuria. Twin 2 had episodes of 
infection requiring vigorous treatment but these 
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seemed neither directly related to the hyperglycaemia 
or glycosuria nor to be the primary cause of the 
apnoea. Indeed, both infants fulfilled the criteria 
(Shannon et al., 1975) for theophylline admin- 
istration when treatment was begun. 

Although toxic levels of theophylline were not 
obtained in twin 2, it seems likely that the 
administration of theophylline was related to this 
infant’s glycosuria and hyperglycaemia. What part 
the drug may have played in the other metabolic 
abnormalities of hyponatraemia and acidosis is 
conjectural. Clearly, care is needed in the use of 
theophylline in sick premature infants and more 
detailed studies are required to evaluate the clinical 
significance of the recorded disturbance of carbo- 
hydrate homeostasis. 


Summary 


One of a pair of preterm twins treated with theo- 
phylline (2 mg/kg per day) for apnoea developed 
episodes of hyperglycaemia and glycosuria. 


References 


Aranda, J. V., and Dupont, C. (1976). Metabolic effect of 
theophylline in the premature neonate. Journal of Pediatrics, 
89, 833-834. 

Aranda, J. V., Sitar, D. S., Parsons, W. D., Loughnan, 
P. M., and Neims, A. (1976). Pharmacokinetic aspects of 
theopylline in premature newborns. New England Journal 
of Medicine, 295, 413-416. 

Giacoia, G., Jusko, W. J., Menke, J., and Koup, J. R. (1976). 
Theopylline pharmacokinetics in premature infants with 
apnea. Journal of Pediatrics, 89, 829-832. 

Kuzemko, J. A., and Paala, J. (1973). Apnoeic attacks in 
the newborn treated with aminophylline. Archives of 
Disease in Childhood, 48, 404—406. 


Nobel, P. A., and Light, G. S. (1977). Theophylline induced 
diuresis in the neonate. Journal of Pediatrics, 90, 825-826. 

Shannon, D. C., Gotay, F., Stein, I. M., Rogers, M. C., 
Todres, I. D., and Moylan, F. M. B. (1975). Prevention of 
apnea and bradycardia in low birthweight infants. 
Pediatrics, 55, 589-594. 

Vaucher, Y. L., Lightner, E. S., and Watson, P. D. (1977). 
Theophylline poisoning. Journal of Pediatrics, 90, 827-830. 


V. F. LARCHER, H. R. GAMSU, M. C. SANDERSON, 
M. R. DRAYTON, AND B. SANDHU 


Department of Child Health, King’s C ollege Hospital 
Medical School, London SES 8RX 


Correspondence to Dr V. F. Larcher. 


Aortic homograft valve replacement 
for postendocarditis aortic 
incompetence in early childhood 


A case report 


Acute bacterial endocarditis in infancy and early 
childhood has a high mortality. Its incidence and 
mortality increase if there is associated congenital 
heart disease. The mainstay of the clinical manage- 
ment of children with acute bacterial endocarditis 
has been chemotherapy in addition to drugs for 
congestive heart failure. Prosthetic valve replace- 
ment has been used in a few cases. Homograft valve 
replacement in a child under 2 years has apparently 
not been reported in the UK. We now report a case 
of bacterial aortic valvulitis with ventricular septal 
defect in a 21-month-old child, successfully treated 
by surgical closure of the septal defect and by homo- 
graft replacement of the aortic valve. 


Case report 


A 2l-month-old girl was admitted to hospital, 
with a 2-week history of malaise, loss of appetite, 
listlessness, and irritability preceded by an attack 
of acute gastroenteritis. At age 3 months, a heart 
murmur attributed to a small ventricular septal 
defect had been noted. Clinical examination showed 
severe peripheral eodema and hepatomegaly; she 
was afebrile and acyanotic. Both ventricles were 
overactive on palpation; there were widespread 
precordial loud systolic and diastolic murmurs 
maximal at the left 4th interspace. 

Despite treatment with digoxin and diuretics, her 
condition deteriorated and she developed a high 
pyrexia. Initial blood culture yielded no bacterial 
growth, but because of increasing heart failure, 
associated with pyrexia, anaemia, splenomegaly, 
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and signs of aortic incompetence, acute bacterial 
endocarditis was suspected. Treatment with IV 
potassium penicillin and cloxacillin was therefore 
begun. 

Laboratory investigations showed Hb 7-0 g/dl, 
WBC 14.2 x 10°/1 (14200/mm?) with 60% 
polymorphs, and ESR 57 mm in 1st hour. B- 
Haemolytic streptococcus group A was grown from 
a throat swab; blood cultures later yielded a growth 
of nonhaemolytic streptococcus. 

Chemotherapy produced only an initial improve- 
ment. Cardiac catheterisation and angiography 
showed gross aortic incompetence through a tri- 
cuspid valve, an abscess of the interventricular 
septum in the subaortic region with a small left to 
right ventricular shunt, and a nonleaking aneurysm 
into the right atrium. 

On admission to Harefield hospital, signs of aortic 
incompetence and congestive heart failure were 
confirmed. Medical treatment with IV penicillin and 
cloxacillin, oral digoxin, frusemide, and spiro- 
nolactone was continued. On the 10th day after 
admission she developed signs of cerebral embolism 
with left-sided hemiplegia. Five days later, she 
developed pulmonary oedema which responded to 
intensive medical treatment. 

In view of the embolic phenomenon and the 
occurrence of pulmonary oedema, operation under 
moderate surface-induced hypothermia and cardio- 
pulmonary bypass was performed on 8 April 1974. 


Operative findings. These were: bicuspid and in- 
competent aortic valve whose cusps were covered 
with massive soft vegetations (Fig. 1); aneurysmal 
dilatation of the aortic root bulging into, but not 
entering, the right atrium; and a high ventricular 
septal defect, 3 mm in diameter. 

Through a longitudinal aortotomy, the diseased 
valve was excised, and the ventricular septal defect 
closed by direct suturing. The aortic root was 
enlarged using 2 gussets of aortic wall homograft, to 
accommodate an aortic valve homograft 15 mm in 
diameter (Fig. 2). The valve homograft was inserted 
in the subcoronary position by the standard two 
suture-line procedure. The gussets were oversewn 
with a piece of woven dacron for extra support. 
Postoperative progress was uncomplicated. At the 
time of discharge full power and movements had 
returned to the upper limb. Clinical reviews 
show continued satisfactory physical, mental, and 
haemodynamic states. 


Discussion 


Congenital malformations of the heart and the great 
vessels are present in about two-thirds of all children 
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Fig. 1 Operative findings. Stenosis and incompetent 
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into right atrium. 
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Fig.2 Aortic root enlarged with homograft patches 
of aortic wall. 


with bacterial endocarditis, and Zakrzewski and 
Keith (1965) found that 98% of their patients under 
2 years had congenital heart defects. Our patient 
had congenital ventricular septal defect and con- 
genital malformation of the aortic valve. 

8-Haemolytic streptococcus group A was isolated 
from the throat swab, and nonhaemolytic strepto- 
coccus was grown from the blood culture of our 
patient. Although streptococci are the causative 
organisms in about 65% of cases (Weinstein, 1972), 
other bacteria, including staphylococci and entero- 
bacteria—such as salmonellae (Joffe et al., 1974)— 
are increasingly associated with bacterial endocar- 
ditis in children. 

Our patient showed the classical clinical signs of 
acute bacterial endocarditis, including the serious 
complications of congestive heart failure, cerebral 


embolism with hemiplegia, and mycotic aneurysm 
of the sinus of Valsalva. 

Intensive medical treatment was instituted before 
the child was referred for cardiac catheterisation. 
Despite the severe degree of congestive heart failure 
and the advice of Sears et al. (1973), we did not 
perform preoperative peritoneal dialysis. Surgical 
treatment was advised in order to remove the source 
of emboli and to treat intractable heart failure from 
aortic incompetence. Homograft valve replacement 
was easily and successfully performed. The reported 
cases of surgical treatment of bacterial endocarditis 
in children include aortic valve replacement with the 
Cutter-Smelleff prosthesis in a 12-year-old boy 
(Sears et al., 1973), and tricuspid annuloplasty with 
closure of a ventricular septal defect in a 3-year-old 
boy with Salmonella endocarditis (Joffe et al., 1974). 
Our case is the first instance of homograft replace- 
ment of a postendocarditis incompetent aortic 
valve and closure of congenital ventricular septal 
defect in a child under 2 years. 


Summary 


A case of postendocarditis aortic incompetence with 
congenital ventricular septal defect in a 21-month- 
old child, treated successfully by homograft aortic 
valve replacement and closure of the ventricular 
septal defect, is reported. It appears that no similar 
case has previously been reported in the UK. 


We thank Dr D. Pickering of the Radcliffe Infirmary, 
Oxford for his help and the medical illustration unit 
of the U.N.T.H. Enugu for the illustrations. 
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Tracheal compression as a cause of 
respiratory symptoms after repair of 
oesophageal atresia 


Sir, 

The article by Cook and Bush (Archives, 1978, 53, 246) 
draws attention to tracheal compression in infants with 
oesophageal atresia as a cause of respiratory symptoms 
and recurrent chest infections. In their case, the com- 
pression was due to pulsation of the aortic arch and was 
relieved by tracheopexy. We fully agree that careful 
bronchoscopic and oesophagoscopic investigations should 
be performed if signs of tracheal compression are 
observed. 

In our series of 117 cases of oesophageal atresia 
(1965-77), there was evidence of tracheal compression or 
tracheomalacia in 27: in 7, there was a congenital cardio- 
vascular lesion (in 4, this included abnormal origin of 
arterial brachiocephalic truncus); in 9, a gross sub- 
anastomotic dilatation of the oesophagus (Figs 1 and 2) 





Fig. 1 Normal trachea after oesophageal 
anastomosis (arrow). 





Fig. 2 Flattened lumen of 
trachea due to gross 
subanastomotic dilatation of 
oesophagus, 5 weeks » 
later (arrow). 


cured by progressive bougienage; in 2, both these two 

causes; in 9, no definite compression but a tracheo- 

malacia with inspiratory flattening of lumen. Repeated 

milk inhalation may also contribute to respiratory 

infection, while tracheopexy is helpful in vascular com- 

pressions; in ‘idiopathic’ tracheomalacia no treatment 

seems to be available, and apnoeic and cyanotic attacks 

together with inhalation pneumonia remain a permanent 
hazard. 

R. CALDERA, J. P. CHABROLLE, and A. ROSSIER 

Hopital Saint-Vincent-de-Paul, 

74 Avenue Denfert-Rochereau, 

75674 Paris Cedex 14, France 


Cystinotic rickets treated with 
vitamin D metabolites 


Sir, 

With reference to the article by Etches et al. (Archives, 
1977, 52, 661), we should like to add two further cases 
which we have treated successfully with ]-x-hydroxy- 
cholecalciferol. 
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Both children, a brother and sister, had typical 
cystinosis, severe rickets, and advanced renal failure. 
Both had previously been unsuccessfully treated with 
high doses of vitamin D2, with calcium and phosphorus 
supplements. We found, in contradistinction to Etches 
et al., that with our treatment in both cases serum calcium 
was raised, while phosphorus fell almost to normal level 
and with little fluctuation. There was clinical improve- 
ment, bone pains disappeared in 8 days, and radiological 
healing was complete in 34 months. 


SIEGFRIED I. BEER, ELLIS VURE, CHAIM KRISPIN, 
MORDECHAI WARON, and DAVID KOHELET 
Department of Pediatrics B, 

Assaf Harofeh Hospital, 

Zerifin, Israel 


Variations in height throughout 
the day 


Sir, 

It is well known that stature becomes less as the day 
progresses, but it is usually considered that gentle 
traction upwards on the head when measuring height will 
compensate for this effect. Whitehouse ef al. (1974), 
using this technique, showed an average decrease in 
stature from 9.30 a.m. to 2 p.m. of only 2 mm in 19 boys, 
and from 10 a.m. to 5 p.m. of 4-6 mm in another group 
of 11 boys. Strickland and Shearin (1972), using a similar 
technique, showed a mean difference of 1-54 cm between 
the height of 100 children immediately after getting out 
of bed in the morning and between 4 and 5 p.m. The 
significance of the difference of heights dependent on 
time of day of measurement has recently become apparent 
in a longitudinal growth study. Estimations of the height 
of a subject undertaken in the latter part of the day 
using the method described by Tanner et al. (1966) with 
gentle traction have shown significant differences from 
those performed in the morning by the same technique 
and by the same competent observer (who was not 
influenced by knowledge of previous measurements). 

28 boys (age range 7-14 years) have been measured in 
this way between 6 and 9 p.m. and between 9 a.m. and 
noon the following morning. Except for 2 subjects for 
whom the two measurements were the same, the morning 
height was greater than the evening one by amounts 
ranging from 0-1 to 1-4 cm (mean of 0-6). The bulk of 
this change is in the trunk, as expected, and was indicated 
by similar changes in sitting height to those of total 
stature. 

Eight boys were measured late one evening and 
repeatedly through the ensuing day. Their measurements 
are shown in the Figure. The difference between the 
maximum and minimum heights for any individual is 
considerable (the maximum always being that on first 
rising in the morning), ranging from 0-8 to 2-8 cm. A 
large proportion of the extra early morning height is lost 
within the first few hours of being mobile during the day. 
The decline in height is not always continuous through- 
out the day nor are measurements necessarily identical at 


similar times on consecutive days. This may imply that 
even within the course of a day the pattern of activity 
may affect stature to a small degree. 
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Figure Measurement of stature of 8 boys at various 
times on two consecutive days. 


These observations must have implications in the inter- 
pretation of serial height measurements of children. In 
theory, observations should be undertaken at approxi- 
mately the same time of day and following a similar 
pattern of activity, but certainly not immediately after 
getting out of bed. In the clinic these circumstances 
frequently apply, but when this is not the case the 
possibility of an error due to this variation, and not 
necessarily to accuracy of measurement, should be 
considered. 

J. M. H. BUCKLER 

Department of Paediatrics and Child Health, 
University of Leeds, 

27 Blundell Street, Leeds LSI 3ET 
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The starved but contented 
breast-fed baby 


Sir, 

The interesting paper by Evans and Davies (Archives, 
1977, 52, 974) prompts two comments. Conscientious 
paediatricians in a city in Uruguay advise the supple- 
mentation of breast milk with infant formula when a 
healthy infant is following the lowest centile channels on 
the growth charts. These charts are in fact from USA data 
obtained from middle-class white infants—a large 
proportion of whom were artificially fed. What would be 
needed, ideally, are charts derived from Uruguayan 
infants, and also charts for solely breast-fed infants. The 
infants described might be growing quite appropriately 
for breast-fed infants. Thus, we need norms for breast- 
fed infants—not only in Uruguay—for at least the first 
3—6 months of life. 

My second comment is that failure to thrive at the 
breast may be due to factors admirably covered by the 
authors. May I add one more? There is a curiously 
repeated and widespread tradition that 850 ml of breast 
milk per day is the ideal and optimum quantity, and is 
used as a basis for calculating protein needs during 
lactation (FAO/WHO, 1973). It is not entirely clear 
from where that figure was derived, but today it is rarely 
reached, particularly after 3 months of age. In Sweden, 
in a sample of healthy women and thriving infants, it was 
in the 720—750 ml range. In the developing countries, it 
is likely to be 500-650 ml (Rowland er al., 1977). The 
reason I raise this point is because I wonder if such cases 
as described, among the other possible and clearly 
important factors, may be associated with low quantities 
of breast milk. 


FRANK FALKNER 

The Fels Research Institute, 
Wright State University 
School of Medicine, 

Yellow Springs, Ohio, USA 
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Drs Evans and Davies comment: 


It is interesting that paediatricians in Uruguay are 
advising the supplementation of breast milk with formula 
when an infant is following the lowest centile channel on 
the growth chart. In our study, we drew attention to the 
fact that crossing centile lines together with clinical 
evidence of wasting was the significant finding in the 
breast-fed infants who were failing to thrive. We do not 
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necessarily agree that infants whose weight follows the 
lowest centile channel on a growth chart are failing to 
thrive. We believe that doctors and nurses in our 
community should be instructed to undress the child 
completely and examine any infant whose curve of weight 
suggests failure to thrive, before any advice is given on the 
need to supplement breast feeding. 

Prof. Falkner comments that norms for solely breast-fed 
infants should ideally be available. Since writing our 
paper, we have seen many further examples of infants 
who have failed to thrive on the breast. It is likely, 
therefore, that ‘normal’ standards based on breast-fed 
babies, at least in the UK at the present time, could be 
misleading and hardly justify the description ‘normal’. 
We believe that ‘normal’ growth standards in infancy 
should be based on a sample of infants whose feeding 
practices represent those of the larger population of 
infants from which the sample has been taken. 

Finally, Prof. Falkner suggests that our infants were 
failing to thrive because of low quantities of milk being 
available. While the volumes of milk taken by these 
infants were not measured, this was also the conclusion 
that we indirectly reached with the suggestion that with 
diminishing demand (for poorly understood reasons) the 
result was a diminishing supply of milk. 


D. P. DAVIES 

Department of Child Health, 
Leicester Royal Infirmary, 
Leicester LEI 5WW 


T. J. EVANS 
University Hospital of Wales, 
Cardiff 


Sir, 

In their paper (Archives, 1977, 52, 974) Evans and Davies 
speak of ‘failure to thrive at the breast: an old problem 
revisited', and present 4 cases of infants who without 
much crying had very poor weight gain and who were 
entirely breast fed. In the present era of early discharge 
from the hospital, this is of ever increasing concern to 
paediatricians. I think it absolutely incumbent on those 
of us who instruct new breastfeeding mothers that they 
watch for urine output, emphasising that when the 
infant is entirely breast fed and able to urinate a minimum 
of 6 times, and preferably at least 12 times a day, the 
baby can be considered adequately nourished. Use of 
sugar water supplements will not permit this method to 
be used safely. 


WILLIAM D. COCHRAN 
Harvard Medical School, 
Joint Program in Neonatology, 
221 Longwood Avenue, Boston, 
Massachusetts, US A 
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Levamisole and HB.Ag positive 
chronic persistent hepatitis 


Sir, 

Chronic persistent hepatitis (CPH) is not a simple entity 
(Lancet, 1977) and sometimes it may show progression to 
chronic active hepatitis. In patients with type-B CPH, 
several authors have observed some depressed immuno- 
logical functions, so that the hypothesis of an inadequate 
clearance of HBsAg by the immune system has been put 
forward for the persistence of antigenaemia and of liver 
damage (Eddleston and Williams, 1974). 

Some authors have used levamisole (LMS) in the 
treatment of acute (Par er a/., 1977) and chronic persistent 
(De Crée et al., 1974; Verhaegen et al., 1977) HBsAg- 
positive hepatitis because of its immunostimulant 
activity (Lancet, 1975), and report beneficial effects. 
Published data on this subject remain scanty and use of 
LMS in CPH must still be considered an open question. 

We present some data on 5 children, aged 4-10 years, 
with HBsAg-positive CPH having altered transaminase 
levels, histologically controlled, who were treated with 
LMS at a dose of 2 mg/kg per day for 3 consecutive 
days per week, for 4 weeks. 

Immunological parameters were controlled before and 
10 days after the end of the treatment (Table) and com- 
pared with normal values for our laboratory. Humoral 
parameters were controlled during treatment and for the 
next 5 months. 


Table Mean (+ SEM) percentage of T- and 
B-lymphocytes in the peripheral blood of 5 children with 
chronic persistent hepatitis before and after treatment 
with levamisole (LMS) 





Lymphocyte CPH patients Healthy 
subpopulations — controls 
Before LMS After LMS 

E-rosettes 524 6* 61+4 67 +- 1* 

Active E-rosettes 2043 25+2 22+1 

EAC-rosettes 1841 14-- 1T 184-0. 51 

Surface membrane 

-Ig (M-- G-- A) 124-2 144-2 15+0-5 

-IgM 743 71 10+1 
-IgG 2.540.58* 9-28 102- 1* 
-IgA 2.04 0-4 4+2t 2-3+0-2t 

Null lymphocytes 30+7* 25+4f 15+1*+ 





*P<0-001; TP —0-02; §P<0-01; tP<0-025 

Statistical evaluation for each immunological parameter has been 
performed with Student's ¢ test between values observed ‘before 
LMS’ and ‘after LMS’, ‘before LMS’ and ‘healthy controls’, and 
‘after LMS’ and ‘healthy controls’, respectively. The reference marks 
indicate the groups compared and the respective significance. 


In 4 patients we noted increased serum levels of trans- 
aminases (GPT and GOT) during LMS treatment, 
followed by a gradual fall. Serum IgM, IgG, and IgA 
increased in 4/5, 3/5, and 4/5 patients respectively, 
although the difference before and after treatment was 
not statistically significant. Lymphocyte count was not 
significantly affected by the drug (2-6 + 0-3 x 10?/l; 
2600 + 300/mm? before and 2-0 + 0-3 x 10*/1; 2000 + 
300/mm? after treatment). 


As observed in other pathological conditions (Ver- 
haegen ef al., 1977) E-rosette-forming cells, which were 
significantly decreased before treatment, reached normal 
values. Thymidine uptake after stimulation by 3 different 
concentrations of phytohaemagglutinin was significantly 
higher than that found in normal controls before 
treatment, and returned to normal after the course 
of LMS. 

The percentage and the absolute number of EAC 
rosette-forming cells decreased significantly after LMS 
treatment as in previous observations (in vivo, Luzi et al., 
1977; in vitro, Wybran and Govaerts, 1977). 

Null cells were increased in our patients and LMS 
treatment was followed by a decrease, but this was not 
significant. 

Surface membrane-IgG bearing lymphocytes, at a very 
low level initially, increased to normal after treatment. 
This impressive increase in surface membrane-IgG- 
positive lymphocytes (65 + 19/mm? before and 181 + 33/ 
mm? after treatment) without change in the total number 
of B-lymphocytes (assessed by a polyvalent antiserum) 
may be a consequence of the known immunostimulatory 
effect of LMS on T-lymphocytes. The switch of antibody 
synthesis from IgM to IgG class induced by this drug 
(Renoux et al., 1976) may be analogous. 

Despite the normalisation of numerous immunological 
parameters in our patients, which confirms the immuno- 
dulatory activity of LMS, the major humoral indices of 
the disease, antigenaemia and transaminase levels, were 
unaffected during 5 months' follow-up. This disappoint- 
ing result could have been due to inadequate dose and/or 
duration of treatment but in view of the potentially 
harmful effect of LMS—e.g. increased hepatocytolisis 
during the treatment, even if transient, without dis- 
appearance of antigenaemia—our results have to be 
accepted as inconclusive. We think that the use of such a 
drug in this type of hepatitis still requires the most 
careful evaluation. 


M. Mast, P. PAoLUccI, G. TIMONCINI, M. P. FANTINI, 
G. LEGGIERI, F. CHIODO, and C. FRANCESCHI 
Department of Pediatrics, 

Institute of Infectious Diseases, 

and Institute of General Pathology, 

University of Bologna, 

Via Massarenti m. 11, 

Bologna, Italy 
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Rifampicin therapy in shigellosis in 
infancy 


Sir, 

The article under this title by Naveh et al. (Archives, 1977, 
52, 960) deserves comment. It seems beyond doubt that 
the 11 children referred by the authors made up an 
exceptional group, both from the protracted course of the 
diarrhoea (1 to 4 months) and from the unexpected 
resistance in vitro to antimicrobial drugs. Diarrhoea due 
to shigella is usually a self-limited disease lasting a few 
days (Roy et al., 1975). As with other acute bacterial 
diarrhoeas, prolongation of its course is generally not due 
to the infection itself, but rather to sugar intolerance or to 
some form of the postgastroenteritis syndrome (Gribbin 
et al., 1976). 

Failure to respond to furazolidone is not surprising; 
drugs not absorbable by the intestine can hardly affect 
the course of diarrhoea caused by invasive bacteria such 
as shigellae (Drachman, 1974). On the other hand, the 
reported failure to respond to treatment with chloran- 
phenicol, ampicillin, or co-trimoxazole to which the 
shigella revealed in vitro sensitivity is astonishing and 
difficult to understand; such a situation has been only 
sporadically reported (Haltalin er al., 1972). 

Commenting on the good results obtained with 
rifampicin, Naveh et al. state that it is ‘a useful alternative 
preparation in drug-resistant shigella infection . . .’, a 
contention which they justify insufficiently. 

The Archives has a world wide readership which 
includes many of the developing countries, and it is in 
these countries that shigellosis, tuberculosis, and other 
infectious diseases are prevalent. Rifampicin occupies an 
important place in the treatment of severe tuberculosis. A 
superficial reading of the article of Naveh et al. could 
lead to the more liberal use of rifampicin in disease other 
than tuberculosis, and this would be undesirable. For this 
reason, it seems that a more accurate and descriptive title 
such as ‘Rifampicin therapy in protracted and resistant 
shigellosis in infancy' would have been preferable. 


J. SALAZAR DE SOUSA 
Department of Paediatrics, 
Hospital de Santa Maria, 
University of Lisbon, 
Lisbon, Portugal 
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Dr Naveh and co-workers comment: 


We agree with Professor Salazar de Sousa that the group 
described in our paper was an exceptional one and this 
was the reason for using an unconventional antimicrobial 
agent. The assumption that protracted diarrhoea in our 
group might have been the result of sugar intolerance 
cannot be correct as in shigellosis the infection selectively 
affects the colon (Roy et al., 1975), which has nothing to 
do with the split and absorption of ingested sugars. 

We did not suggest that rifampicin be used in a normal 
case of bacillary dysentery. We have used rifampicin in 
shigella septicaemia (Naveh and Friedman, 1973) and 
recently in a shigellosis situation where 11 infants had been 
crossinfected and we were urged to eradicate this infec- 
tion from the nursery, and thus protect babies from being 
crossinfected. Furthermore, use of rifampicin in non- 
tuberculous infections did not result in higher incidence of 
resistant strains of Mycobacterium tuberculosis in those 
countries where rifampicin was used in tuberculous and 
also nontuberculous infections (Acocella et al., 1977; 
Trallero et al., 1977). 

Finally, we agree with Professor Salazar de Sousa that 
a more accurate and descriptive title for our paper might 
have been ‘Rifampicin therapy in protracted and resistant 
shigellosis in infancy’. 


Y. NAVEH, P. STRAHOVSKY, and A. FRIEDMAN 
Department of Pediatrics B, 

Rambam Medical Centre, 

Haifa, Israel 
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Cimetidine in cystic fibrosis 


Sir, 

It is known that pancreatic enzymes are inactivated at 
low pH (Heizer et al., 1965). In children with pancreatic 
insufficiency due to CF, administration of bicarbonate 
with pancreatic supplements results in improvement of 
steatorrhoea (Kattwinkel eż al., 1972). Concurrent admini- 
stration of cimetidine and pancreatic supplements in 
patients with pancreatic insufficiency results in less 
steatorrhoea and a higher duodenal enzyme output 
(Regan et al., 1977). 

A pilot study has examined the effect of cimetidine on 
steatcrrhoea in children with pancreatic insufficiency due 
to CF who were receiving pancreatic supplements. 5 
children were put on a constant fat intake of at least 
30 g/day, and their usual treatment including pancreatic 
supplements was maintained. The study was conducted 
as an outpatient procedure. After 3-day faecal fat 
collection, they were started on cimetidine 20 mg/kg per 
day in 4 equal doses, administered one hour before each 
meal. While on cimetidine 3-day faecal fat collection was 
repeated starting on the 8th day. Results are given 
in the Table. 


Table Effect of cimetidine on steatorrhoea 





No. Sex Age 3-day faecal fat excretion (g/day) 








DI ee AAT 
Pretrial On cimetidine | Reduction (7) 
1 M 8 15 13-3 ae a 
; » j2 9.9 4-3 5.6 (56-6) 
3 M 5 9.6 3.0 6-6 (68-7) 
: 2 2 ve 10-9 11-2 (50-7) 
MBA. D ORI ALOT ONE BRIAN QI S Sch tt AES 


Administration of cimetidine with pancreatic supple- 
ments reduced the faecal fat excretion in 4 out of 5 
children, in 3 cases by more than 5075. In Case 4 steator- 
rhoea increased on cimetidine but without any symptoms 
and we have no explanation for it. None of the children 
had any side effects from the drug. 

Three further children failed to complete faecal 
collections satisfactorily and had to be excluded. We had 
great difficulty in organising this study as an outpatient 
procedure, admission to hospital for purely research 
purposes being often unacceptable to families. Further 
studies are needed to determine the indications of cime- 
tidine in the dietary management of CF. It may be of 
particular help in those few children where manipulation 
of diet and pancreatic supplements fail to produce the 
desired reduction of steatorrhoea. The safety of life-long 
administration of the drug and its optimum dose also 
need to be assessed. 


We wish to thank Smith, Kline and French for 
supplying the cimetidine. 


A. S. AHUJA and N. M. MANN 
Paediatric Department, 

Royal Albert Edward Infirmar y, 
Wigan, Lancashire WNI 2NN 
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Book reviews 


Children in Health and Disease (formerly 
"aterson's Sick Children). By F. Brimble- 
:ombe and D. Barltrop. (Pp. 880. illus- 
rated -+ tables. £16.00, hardback.) 
Jalliere Tindall: London. 1978. 


3etween 1930 and 1971 Paterson's Sick 
-hildren evolved through 9 editions, but 
10w, 10 years after the death of Dr 
Jonald Paterson, it has appeared under a 
'ather less inspiring but nevertheless more 
saccurate new title. The change is in keep- 
mg with the expansion of the paedi- 
MR role to include active promotion 
of child health as well as treatment of 
lisease. Consideration is again given to 
opics such as preventive paediatrics, 
:hild care in the developing countries, 
services and legislation for children, and 
i new section on the care of children in 
1ospital has been added. A new chapter 
yn the handicapped child replaces one on 
nental subnormality, and the rest of the 
ext has been thoroughly brought up to 
late, especially the chapter on infant 
eeding, which has been completely 
'evised and streamlined to reflect current 
opinion. The number of specialist con- 
ributors has been increased and there 
ire more illustrations, although regret- 
ably no colour plates. As in previous 
itions, the chapters end with short 
ibliographies for further reading and the 
hree concise appendices on drug and 
duid therapy, normal values in develop- 
nent, and biochemical reference ranges 
are excellent. 

All in all, there is no reason why this 
new edition should not live up to its 
editors! expectations and remain the 
leading single-volume paediatrics manual 
and textbook. It is fairly expensive, but 
very good value for money indeed. 

N. PALUCH 


Human Growth and its Disorders. By 
W. A. Marshall. (Pp. 179; illustrated -+ 
tables. £6.80.) Academic Press: London. 
1977. 


Auxology is the science paediatricians 
have moved into after years of per- 
xinctory and none too accurate weighing 
ind measuring of children in outpatient 
departments in the past. After 14 years of 
work in the growth disorders clinic at 
The Hospital for Sick Children, Great 


Ormond Street and as a colleague of 
J. M. Tanner, R. H. Whitehouse, and 
N. G. Blurton-Jones, W. A. Marshall is 
in a strong position to present a compact 
book of wisdom and applied auxology 
for the present day world of specialists of 
all kinds who have child patients. A 
small book on what is an enormous 
subject is something to be thankful for. 
No one who reads it need now say ‘the 
complexities of the processes involved in 
growth are beyond me', even though the 
author does, as he is entitled, frequently 
say the complexities here and there are 
beyond the scope of his text. 

The subject is unfolded as follows. 
First, accuracy in measuring stature, 
weight, skinfolds etc., and the collection 
of data (on which our standards have 
been based): then variations in growth 
attainment, growth velocity, growth of 
parts, the dynamics of normal early and 
late maturation, its social implications 
for children, and the influence of parental 
height; in fact all that must be present 
in the clinician's mind when confronted 
with a child or adolescent and one set of 
measurements only. Puberty has a 
chapter devoted solely to the accurate 
description of its bodily transformations, 
each of which has its own rate of maturity 
and scale of measurement. The author 
then describes with most interesting data, 
the rising tides of different hormones from 
quite early childhood to maturity, each 
in its own time influencing the skeleton, 
the breasts, gonads, pubic hair, etc. 

Skeletal maturity and bone-age are 
difficult subjects for paediatricians who 
want something quick and accurate; but 
they cannot have accuracy, we are told, 
without the laborious examination, one 
by one, of all the short bones of the hand 
and carpus. After all, the Gruelich and 
Pyle method requires careful scrutiny of 
x-rays and a hurried reference to the atlas 
may give very misleading results, the 
author says. The TW2 method which 
examines radius, ulna, carpal bones, and 
short bones of the hand is described (a 
pity that Fig. 52 is missing), and examples 
given of its good prediction of final 
height, when growth is not pathological. 
Such predictions are particularly necessary 
for exceptionally tall girls for whom 
hormonal treatment to arrest growth 
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might be considered. The author is 
sensitive to the sufferings of the over 
life-sized child; also the very late maturing 
children who can be given a_height 
expectation with some confidence, to keep 
up their morale. The better grasp of 
‘bone-age’ that this section offers, and 
its use in assessing abnormal stature or 
the progress of hormone treatment is one 
of the most valuable things in the book. 

The possible role of psychological 
influences on growth is left in the area of 
speculation, but ‘psycho-social’ dwarfism 
is mentioned several times. The author 
leans towards a hormonal cause of this 
(secondary to psychological stress) citing 
the poor response to growth “hormone 
stimulation tests while the child is living 
at home, with a normal response soon 
after removal to a hospital. The nutritional 
factor (undereating) which some think is 
all that there is behind it, is not discussed. 
Here is a point where references are 
lacking and would be welcome, as the 
condition is by no means rare, not nearly 
so rare as true hypopituitary dwarfs. 

There is one erratum, an important one, 
on page 166, concerning treatment of 
excessive tallness in boys by injections of 
testosterone oenanthate. The word ‘intra- 
venously' should read intra nuscularly. The 
author has already made known in a 
letter to the British Medical Journal that 
intravenous injection could be dangerous. 
However, the various risks of hormone 
treatment which have to be balanced 
against the advantages are very clearly 
stated and would be enough to daunt any- 
one but an expert from undertaking it. 

Dr Marshall is to be congratulated on 
the excellence of this book, its plentiful 
well-chosen illustrations, its economical 
bibliographs, and above all the clarity of 
his writing on these difficult matters. 

DERMOD MACCARTHY 


Neonatal Respiration. Physiological and 
Clinical Studies. By L. B. Strang. (Pp. 316; 
illustrated + tables. £14.50, hardback.) 
Blackwell: Oxford. 1977. 


There is probably no other part of medical 
practice where an understanding of 
physiological processes is more relevant 
to the clinician than that which deals with 
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respiration before, during, and immedi- 
ately after birth. For any medical practi- 
tioner or physiologist with an interest in 
fetal and neonatal respiration this mono- 
graph should be a delight. It starts with 
a chapter on the embryology and morpho- 
logy of the developing lung and this is 
followed by a consideration of fetal lung 
liquid production, composition, and 
distribution, and its contribution to 
amniotic fluid. Fetal breathing, and the 
initiation of alveolar aeration after birth, 
and the production and role of sur- 
factant material are considered in some 
detail. Changes in the pulmonary circu- 
lation, capillary permeability, and lymph 
flow at birth are well reviewed, but more 
information about the mechanisms of 
closure of the ductus arteriosus and the 
umbilical arteries might have been given. 
Oxygen and carbon dioxide transport are 
well explained as is acid-base balance, 
although £he units and explanations given 
are in terms of mmHg and pH rather 
than kilopascal and hydrogen ion con- 
centration. This may upset a few readers 
but I suspect not many. Chapters 9 to 13 
deal with the pathophysiology, pre- 
vention, and therapy of hyaline membrane 
disease, neonatal lung oedema and 
haemorrhage, aspiration syndromes, and 
apnoeic attacks. 

The pleasure of this book is partly due 
to its scientific content but largely to the 
lucid presentation of an enthusiastic 
single author. 

FORRESTER COCKBURN 


Viral Diseases of the Fetus and Newborn. 
Volume XVII Major Problems in Clinical 
Paediatrics. By J. B. Hanshaw and J. H. 
Dudgeon. (Pp. 356; illustrated + tables. 
£14.00, hardback.) Holt-Saunders: East- 
borne. 1978. 


The discovery 37 years ago by Sir Norman 


Gregg that an inconspicuous illness such as 
rubella could penetrate the maternal 
defences and cause extensive damage to 
the fetus completely changed the existing 
concept of the safety of the embryo in 
utero. It produced intensive investigation 
of the relationship of viral infection to 
congenital damage and a search for other 
possible viruses of comparable importance 
was begun. Inevitably a mass of data has 
accumulated and a formidable task 
awaited those willing to undertake the 
extraction of a summary in monograph 
form. The authors were eminently suited 
to the task, being well known and highly 
regarded in the field of paediatric virology. 
Their collaboration is most timely and 
will be warmly welcomed and appreciated. 
Although they say that they have written 
for the clinician—‘to provide the under- 
standing necessary not only for diagnosis 
and case management but also in order 
to be able to provide advice to families 
exposed to infection’—the microbiological 
and pathological background will make 
the monograph invaluable reading for 
many other workers. 


Rubella and cytomegalovirus naturally 
take pride of place and are covered in 
carefully assessed detail. Herpes simplex 
virus, enteroviruses, varicella-zoster, pox- 
viruses, hepatitis, and others are dealt 
with in proportion to their known 
relevance, and in order to provide balance 
there are sections on the development of 
fetal immune mechanisms and on the 
pathological changes produced by viral 
infection of the placenta and cord. 


The presentation is good, the established 
material is given in substance and the 
unconfirmed aspects are assessed. Where 
the authors have a personal approach not 
generally accepted this is stated. There is 
an excellent bibliography and the volume 
can be commended to all who have an 


interest in the present state of knowledge 
of virus infection as it affects the embryo 
the neonate, and in the implications fo) 
the child thereafter. 

J. NAGINGTON 


Shorter notices 


Diagnosis and Primary Care of Accident: 
and Emergencies in Children. A Manua 
for the Casualty Officer and the Famil 
Doctor. By C. M. Illingworth. (Pp. 134 
illustrated. £4.25, paperback.) Blackwell 
Oxford. 1978. 


Highly practical manual designed to bi 
carried in the ‘whitecoat pocket, anc 
equally strong on the common trivia 
complaints of childhood (nappy rash 
rectal prolapse) as on the serious emer 
gencies, both medical and surgical. 


Prenatal Diagnosis of Genetic Disease. B: 
D. C. Siggers. (Pp. 69; illustrated +-tables 
£3.25, paperback.) Blackwell: Oxford 
1978. 


A small and unpretentious manual, settin; 
out clearly the essential facts about whig 
the practising clinician must now be we 
versed—chromosomal disorders, neur: 
tube defects, inherited and prenatall 
diagnosed biochemical disorders, x-linke: 
recessive disorders, and amniocentes 
with the many difficult decisions 1 
engenders. 
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Stress response and its relationship to cystic 
(pseudofollicular) change in the definitive cortex of 
the adrenal gland in stillborn infants 


D. J. DE SA 


Department of Pathology, McMaster University, Hamilton, Canada 


SUMMARY The adrenal glands of 41 fresh stillbirths were studied and a ‘stress response' pattern 
could be seen in 28. In these glands the stress response was characterised by compact cell change, 
lipid depletion, excess pyroninophilia, and dilatation of the very prominent granular endoplasmic 
reticulum. Scattered areas of cytolysis of cells, especially of the definitive cortex, gave rise to the 
commonly seen cystic (pseudofollicular) change and it was obvious that cells undergoing lysis were 
severely ‘stressed’. In 2 infants there was a ‘clear cell reversal’ pattern. Histological and ultra- 
structural changes of the stress response were not identified in 11. Infants of low birthweight score 
were somewhat more commonly represented in the group that did not show a stress response. 
Cytolytic changes accompanying a stress response were commoner in immature infants. It is argued 
that cystic (pseudofollicular) change in the adrenal cortex of the newborn signifies a previous 


stress reaction. 


Numerous observers have noted the presence of 
cystic (pseudofollicular) lesions in the definitive 
cortex of the adrenal gland in immature infants 
(Elliot and Armour, 1911; Hett, 1925; Keene and 
Hewer, 1927; Da Costa, 1928). These workers 
believed that the cystic lesions represented the re- 
modelling of the definitive cortex to produce the 
normal zona glomerulosa of the adult gland. This 
view was questioned by Gruenwald (1946) and 
Stowens (1966) who regarded the presence of cystic 
lesions as an abnormal feature of the adrenal cortex. 
Oppenheimer (1989), and subsequently others 
(de Sa, 1974; Potter and Craig, 1975), stated that 
the presence of cystic lesions in the outer, definitive, 
adult cortex of the adrenal gland represented a 
manifestation of stress in utero. Becker and Becker 
(1976) studied the distribution of fat in the adrenal 
cortex of stillborn infants and described 3 distinct 
patterns. They did not however attempt to correlate 
the alterations in lipid with pseudofollicular changes. 

The present study reports the findings in 41 fresh 
stillborn infants. It describes the pattern of a ‘stress 
response' (Symington, 1970) in the adrenal cortex of 
stillborn infants and the relationship of such a 
response to the development of cysts. 


Received 11 November 1977 


Materials and methods 


Forty-one fresh stillbirths were studied. Adrenal 
tissue was processed for routine histological sec- 
tioning, and staining with the methyl green/pyronin 
reaction (Pappenheim's stain). Frozen sections of 
fixed adrenal tissue were stained with Oil Red Ot o 
show neutral lipid. Unstained, frozen sections were 
examined with polarised light to detect the presence 
of refractile lipids. In selected cases tissue was fixed 
in 2% buffered glutaraldehyde and 1 um epon- 
embedded sections were stained with toluidine blue. 
Later, ultrathin sections stained with uranyl acetate 
and lead citrate were studied using the Philips 300 S 
electron microscope. 

The histological features sought have been de- 
scribed by Symington (1970). They are (a) a diffuse 
compact cell change, characterised by the presence of 
plump eosinophilic cells in the cortex instead of the 
usual pale staining cells with somewhat foamy cyto- 
plasm; (b) reduction of stainable and refractile lipid 
in the cortex; (c) increased pyroninophilia of the 
adrenal cortical cells; (d) degeneration (with or 
without cytolysis) of the cortical cells. As the tissue 
was fixed, enzyme activity could not be studied. 

Details of gestation, birthweight, and complica- 
tions of pregnancy were obtained from clinical 
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Fig. 1 Sections of 
simultaneously stained adrenal 
glands showing the obvious 
difference between clear cells 
(a), and compact cells (b) in 
the cortex. Compact cells have 
darker staining cytoplasm. 

In (b) there is evidence of early 
cystic change in the definitive 
cortex. H and E ( x 1000). 


(a) 


(b) 


gue 
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records, and the ‘birthweight score’ (Gruenwald, 
1969) was calculated, using the parameters of Usher 
and McLean (1969). 


Results 


Compact cell change. After reviewing the initial 
H & E stained sections, it was easy to separate those 
glands which showed compact cell change from those 
which did not (Fig. la, b). Simultaneous staining of 
sections from different glands showed that the 





Fig. 2 


compact cells had greatly increased eosinophilia and 
density of the cytoplasm compared with clear cells. 


Lipid depletion. Examination of frozen sections of 
fixed adrenal tissue stained with Oil Red O also 
showed at least 2 distinct major patterns. It was easy 
to separate those infants with pronounced lipid 
depletion from those without such depletion (Fig. 
2a, b). The innermost layers of the fetal cortex and 
the definitive cortex retained small amounts of lipid 
but the intervening areas of cortex were severely 





(b) 


Frozen sections of adrenal cortical cells stained with Oil Red O to demonstrate lipid-rich cells in (a) and 
lipid-depleted cells in (b). In (a) the cytoplasm of the cells is filled with Oil Red O positive lipid which photographs as a 
diffuse greyish colour. In (b) most Oil Red O stainable material is lost and only scattered minute droplets of fat are 
present. Frozen section, Oil Red O ( x 1800). 
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depleted of lipid. Marked lipid depletion would 
correspond to the type I change described by Becker 
and Becker (1976), and the absence of a stress 
reaction to their type III change. 


Patterns of refractile lipid. The distribution of 
refractile lipids, using unstained frozen sections of 
the adrenal gland, was identical with that of neutral 
lipid. Glands depleted of stainable lipid were also 
depleted of refractile lipid and in all cases the inner- 
most layers of the fetal cortex contained very little 
refractile lipid in their cytoplasm. 


Pyroninophilia. Consistent with the presence of lipid 
depletion and compact cell change, the relevant cells, 
particularly those of the adult cortex, showed an 
increase in pyroninophilia when compared with lipid- 
rich clear cells. It was also the deepest cells of the 
fetal cortex that were invariably strongly pyronino- 
philic. 





Clear cell reversal. In 2 infants a particularly unusual 
mottled appearance of the cut surface of the adrenal 
cortex was noted. This corresponded with an atypical 
distribution of lipid within the gland when frozen 
sections stained with Oil Red O were studied. 
Instead of the usual pattern of distribution of lipid, 
in these 2 infants, the inner layers of the fetal cortex 
contained lipid but the outer layers of the cortex 
were depleted. This corresponded with a pattern of 
clear cells being present in the inner layers of the 
fetal cortex but absent in the outer layers. The 
picture resembled that described by Sarason (1943) 
and classified as ‘clear cell reversal’ by Symington 
(1970). This appearance would correspond to the 
type II change described by Becker and Becker 
(1976). 

All these features gave evidence for a stress 
response within the fetal adrenal cortex. Ultra- 
structural studies confirmed the presence of lipid 
depletion (Fig. 3a, b), but also showed that in the 
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lipid-depleted cells the small amounts of lipid that 
did remain appeared to be predominantly membrane 
bound. The ultrastructural studies also showed that 
the lipid-depleted cells had more prominent ribo- 
somes and granular endoplasmic reticulum than 
their lipid-rich counterparts, particularly in the 
definitive cortex. 


Development of cysts. As noted by many authors, 
especially by Oppenheimer (1969), the cysts appear to 
be associated with the cytolysis of small aggregates of 
cells with pyknotic nuclei and may be associated 
with the deposition of a proteinaceous coagulum. In 
some instances haemorrhage into the cyst, which 
can extend outside the capsule, may be observed. 
These observations were confirmed in this study. 
Ultrastructurally the cluster of degenerate cells, 
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whose breakdown leads to the development of the 
cyst, shows varying degrees of disruption of the cells. 
In all cases, however, it is clear that the degenerate 
changes occur in cells showing the features of a 
marked response to stress (Fig. 4). 


Analysis of results in stillbirths. The results have been 
subdivided into only 3 categories showing normal 
histology, stress reaction, and clear cell reversal, 
since it was obvious that those infants with cysts in 
the outer cortex showed typical features of the stress 
reaction in each case (Table 1). 

A further evaluation of the stress response was 
undertaken making note of the complications of 
pregnancy (Table 2) and gestation (Table 3). Tt is 
obvious that even extremely immature infants can 
show histological evidence of a well-developed stress 





= nucleus, L = lipid, G = granular endoplasmic reticulum 


(b) 


Fig. 3 Ultrastructural appearances of a lipid-rich cell (a), and lipid-depleted cell (b), are contrasted. Note large 
globules of lipid in the lipid-rich cell, in contrast to the small membrane-bound vacuoles of lipid in the depleted cell. 


Lead citrate, uranyl acetate ( X 18 500). 
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Fig. 4 Parts of at least 7 cells are seen in this zone of cytolysis in the definitive cortex. Note that the cells under- 
going lysis have the characteristics of stressed cells and note the abundant red cells present (R). Lead citrate, 
uranyl acetate ( X 5750). 








Table 1 Results in 41 stillbirths 
Total Presence of cysts 
No. » 

Normal histology 11 27 0 

Stress reaction 28 68 13 

Clear cell reversal 2 5 1 
41 14 (34% 





reaction and in fact the stress reaction in the very 
immature infant is usually characterised by the 
presence of cysts (Table 4) (P<0-05). Intrauterine 
infections and antepartum haemorrhage seem to be 
most commonly associated with the development of 
cysts (Table 2). Whether this is due solely to the 
immature gestation of the affected infants is un- 
certain (Table 3). 


Table 2 Complications of pregnancy and adrenal 
histology 








Normal Stress Stress Clear cell 
and cysts reversal 

Antepartum 

haemorrhage 2 4 3 1 
Chorioamnionitis 2 1 7 — 
Rhesus 

isoimmunisation I 2 I 1 
Maternal diabetes 

mellitus 1 2 — — 
Viral placentitis 1 2 2 — 
Maternal hypertension 

toxaemia 2 2 — — 
Congenital 

malformation 2 2 — — 
Other causes 2 4 1 —— 





When the birthweight score of the infants is 
considered (Table 5) it is apparent that infants of low 
birthweight score are less likely to show evidence of a 
stress reaction. 
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Table 3 Gestation and adrenal histology 








Fetal age (weeks) Normal Stress Stress Clear cell 
and cysts reversal 
«25 4 5 5 2* 
25-28 3 — 5 — 
29-32 — 3 l = 
33-36 2 I I -n 
37—40 2 3 l ini 
40 -= 3 — — 
*One infant with cysts. 
Table 4 Stress patterns, cysts, and gestation 
Infants Normal Stress patterns 
pattern ———————————————— Total 
With cysts Without cysts 
28 weeks or less 7 11* 6 17 
28 weeks 4 3* 10 13 
Total I1 14 16 30 


*The difference in the incidence of cystic change in these 2 groups is 
significant (y2 = 5-237, P —0-05). 


Table 5 Birthweight score and stress reaction in 
infants >25 weeks 


Birthweight score No. of cases 


With normal 
pattern 


With stress patterns 
(incl. cysts) 


+2 — 2 


+1 — l 
0 l 8 


Infants appropriate for or 
larger than mean for 
gestational age I 1 


l 
—1 | 2 
—2 5 5 
Infants small for gestational 
age 6 7* 





*The difference in distribution in these 2 categories is significant 
(x2 = 4-428, P<0-05). 


Discussion 


The results presented in this paper are evidence of 
fetal reactivity to nonspecific stresses in utero and 
these findings confirm the great variation in the 
histological appearances of the adrenal cortex 
described by Becker and Becker (1976). In particular 
cystic changes and clear cell reversal represent the 
most extreme changes that may be expected. It is 
clear that the development of cysts constitutes a 
somewhat special fetal reaction to stress and is best 
seen in the most immature fetus. The cells undergoing 
cytolysis show the ultrastructural and histochemical 
features of stressed cells and it is tempting to speculate 


that this represents a biochemical immaturity in cells 
of the infants’ adrenal cortex. Thus such an immature 
infant might not be capable of responding in a 
controlled and sustained fashion to an episode of 
stress. The relatively low incidence of cysts in 
more mature infants is in keeping with such an 
interpretation. 

It is likely that the ultrastructural photomicro- 
graphs of ‘normal’ fetal adrenal cortical cells 
(Symington, 1970) probably depict the changes in 
stressed glands. In particular the presence of 
membrane-bound lipid vacuoles in some of the 
cells of the definitive adult cortex accompanied by 
prominent granular endoplasmic reticulum and an 
increase in the numbers of free ribosomes occurring 
in a 20-week fetus would be in keeping with such an 
interpretation (Symington, 1970). 

This study admittedly raises more questions than 
it answers. Evidence suggests there is a relationship 
between the fetal adrenal cortex, the onset of labour, 
and the maturation of a surfactant system (Liggins, 
1969; Kotas and Avery, 1971) and the subject ‘is 
reviewed by Chiswick (1976). It is tempting to 
suggest that in those stillbirths with a pronounced 
stress reaction in their adrenal cortex, the 
steroids produced probably contributed to the 
development of pulmonary maturation and possibly 
even led to the onset of labour. Unfortunately 
because of the retrospective nature of this study, 
urinary samples were not collected for steroid 
analysis nor were any pulmonary pressure or 
volume curves studied. Clearly a study of this 
nature should be undertaken as it is likely to give 
information about endogenous steroid production 
in stressed states in pregnancy. A further interesting 
series of studies could be undertaken in those infants 
with defective steroid synthesis and congenital 
adrenal hyperplasia (Visser, 1966). The adrenal 
glands in these infants are known to have an 
abnormal structure, but they do not appear to have 
been assessed regarding the presence or absence of 
a stress response. 

The present study does not begin to attempt to 
answer the question—What happens in those 
infants who do not show histological evidence of a 
stress reaction? Some possible parallels may be 
drawn between the relative infrequency of histo- 
logical stress in infants of low birthweight, and a 
temporary lack of a response to cold stress in infants 
of low birthweight (Hey and Katz, 1969) and 
diminished steroid production in infants of low 
birthweight (Cathro et al., 1969). Clearly a great 
deal of useful information might be gained by 
undertaking studies to compare endogenous 
steroid production in the fetus with pulmonary 
compliance and, in those infants who do not survive 
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to compare adrenal histology at necropsy with 
pulmonary pressure or volume curves. At present, 
however, our knowledge of steroid production by 
the human fetus in response to a variety of stresses 
is incomplete. 
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International Nathalie Masse Prize. This prize, of 
10000 French francs, will be awarded for the first 
time in 1979, and every 2 years thereafter. It is 
intended to reward original work concerning child- 
hood, prepared by an institution or by an individual 
of under 40 years, with a view to encouraging 
studies by young professionals or research 
workers. 


In both cases, the winners will be chosen without 
regard to nationality by an international jury. 


Details and application forms for the fellowship 
and the prize from Memorial Committee, Inter- 
national Children's Centre, Cháteau de Longchamp, 
Bois de Boulogne, 75016 Paris. 
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Effects of an artificial diet on growth of patients with 


cystic fibrosis 


J. G. YASSA, R. PROSSER, AND J. A. DODGE 


From Department of Child Health, University Hospital of Wales, Cardiff and Department of Paediatrics, 


Royal Gwent Hospital, Newport 


SUMMARY The effects of an artificial diet on growth were examined in a controlled trial on 43 
patients with cystic fibrosis. 28 patients received the diet for 12 months. Comparison was made 
between their growth before, during, and after dietary treatment. Growth changes were also assessed 
in 15 other patients who received a conventional diet. Artificial dietary treatment led to some 
improvement in height, weight, subscapular skinfold thickness, and a disproportionate advance of 
bone age for the group as a whole. Only 10 (36%) patients had a ‘clinically’ significant improvement 
in height, weight, or both—i.e. more than 0-5 standard deviation score. Greatest improvements 
were in young and mildly affected patients. It is proposed that the future use of such an unpleasant 
and expensive diet should be restricted to a few selected cases, rather than given as routine treatment. 


The adverse effects of cystic fibrosis (CF) on growth 
and nutrition have long been recognised (Passini, 
1919; Clarke and Hadfield, 1924; Harper, 1930; 
Sproul and Huang, 1964), and despite improved 
treatment, recent studies have shown that both the 
heights and weights of patients are markedly skewed 
towards the lower centile bands (Berry ef al., 1975; 
Lober, 1975). As 70% of patients with CF can 
now be expected to live to age 17 (Robinson and 
Norman, 1975), and many survive to adulthood, the 
ultimate achievement of normal stature and weight 
has become important. Recent reports have claimed 
that growth may be improved by an artificial diet 
(Allan et al., 1973; Berry et al., 1975). We have 
examined the effects of this diet on growth in a con- 
trolled trial. 


Patients and methods 

Forty-three patients with CF were assessed for 24 
to 30 months (Fig. 1). After an initial period of 6 
months on conventional treatment, the artificial diet 
was offered to patients irrespective of the severity of 
their disease. Group 1 (28 patients) completed a 
period of 12 months' dietary treatment and progress 
was followed for 12 months after the artificial diet 
had been discontinued. Each patient acted as his 
or her own control. There were 16 boys and 12 
girls in group 1, mean age 7-99 years, mean clinical 
score 72-86%, according to the method of Doershuk 
et al. (1964) (Table 1). 
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Trial design 





Time (months) 


Fig. 1 43 patients with CF were assessed for a maximum 
period of 36 months. All patients received conventional 
diet for the first 6 months. 28 patients (group 1) received 
the artificial diet for 12 months (shaded area), 15 (group 2) 
continued on conventional diet for 24 months. Patients 
were assessed at 6-monthly periods, i.e. A, B, C, D, E. 








Table 1 Clinical assessment 
Group No. of Age (years) * Clinical score (54) 
patients ——————— ——— 
Mean (range) Mean (range) 
| 28 7-99 (3-23-16-02) 72-86 (40-92) 
2 15 5.74 (2-26-12-71) 74-87 (53-97) 


*Clinical score according to Shwachman and Kulczycki (1958) and 
modified by Doershuk et a/. (1964). 


Group 2 (15 patients) continued on conventional 
treatment—i.e. normal low fat diet, pancreatic 
supplements, physiotherapy, and antibiotics as 
required. Many in this group had refused to take 
part in the dietary trial. Their ages and clinical 
scores were comparable with those in group 1 
(Table 1). 
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Longitudinal growth measurements were analysed 
at 6-monthly intervals. In group 1, comparison was 
made between changes in growth, before (period A, 
6 months), during (periods B and C, 12 months), 
and after (periods D and E, 12 months) treatment 
with artificial diet (Fig. 1). A similar comparison 
was made in patients of group 2 between the cor- 
responding periods—i.e. period A (6 months), B and 
C (12 months), and D (6 months) (Fig. 1). Patients 
in group 2 were available for assessment during 24 
months only. Comparison was also made between 
the patients in groups 1 and 2. Some patients were 
admitted to the study in April and others in October, 
in an attempt to minimise the effect of seasonal 
variation on growth. The predietary observation 
period was limited to 6 months for 2 reasons: firstly, 
assessment in 26 patients during a 12-month period 
showed no significant difference between the change 
in growth in the first and the second 6 months; 
secondly, many parents were impressed by the early 
reports describing the success of the treatment 
given by Allan et al. (1973) and were anxious that 
their children should start treatment as soon as 
possible. 


Dietary treatment. The artificial diet used in this 
study was that proposed by Allan et al. (1973). It 
consisted of beef serum hydrolysate (Albumaid 
complete), a glucose polymer (Gastro-Caloreen), 
medium chain triglyceride oil (MCT), a mineral 
supplement (Metabolic Mineral Mixture), vitamin 
preparations providing a number of fat and water 
soluble vitamins (Ketovite), and margarine or eggs. 

The diet was prescribed in amounts sufficient to 
provide all the daily requirement of protein and 
calories. Its final composition was on average: 6 to 
10% of total calories from protein, 75 to 85% from 
carbohydrates, and 10 to 15% from fat (Allan et al., 
1973). Between 0-6 and 1 litre water was added to 
the recommended amounts of Albumaid, Gastro- 
Caloreen, and mineral supplements. The mixture 
was flavoured and divided into four or five portions 
which were taken during the day. 


Table 2 Assessment of anthropometric parameters 


The other components of the diet were taken 
separately. Patients were allowed to eat normal low 
fat food if they wished. Most patients ate some extra 
food but there was noticeable reduction in their 
appetites. Pancreatic supplements were given in 
proportion to the food eaten. 


Measurements. Measurements of height, weight, 
head circumference, subscapular and triceps skinfold 
thickness were made at each visit to the clinic every 
4-6 weeks. Anthropometric measurements were 
converted to standard deviation (SD) scores from 
norms for age and sex. SD scores were calculated 


X 
using the formula SD score — Sx 





Where X is the 


patient's measurement, X the mean measurement of 
normal children of the same sex and age, and Sx 
the SD at a particular age. Normal values were 
based on British children (Tanner, 1973; Tanner and 
Whitehouse, 1975; Tanner ef al., 1966, 1975). 
Longitudinal growth measurements were made in all 
43 patients. Changes in the SD scores were analysed 
every 6 months. 

Bone age was assessed by TW2 method (Tanner 
et al., 1975). Assessments were made once every 6 
months and bone age was converted to the SD 
score as described. Height SD scores were also 
derived using the child's bone age instead of his 
chronological age, and these were expressed as 
adjusted SD scores. Changes in adjusted height 
scores were analysed in an attempt to assess whether 
changes in bone age were associated with equivalent 
changes in height. 


Results 


Significantly negative SD scores of height, weight, 
head circumference, skinfold thickness, and bone 
age were observed in the 43 patients at the beginning 
of the study. The mean values were approximately 
1 SD below the mean for normal children of the 
same age and sex. Head growth and triceps skinfold 
thickness were less depressed than other parameters 
(Table 2). 





Measurement Group 1 Group 2 
No. of patients SD score No. of patients SD score 
Mean+ SEM Mean4 SEM 
Head circumference 27 —0-63+0-18 15 —0-19+0-23 
Height 28 —1-01+0-19 15 —1-13+0-27 
Weight (g) 28 —0-92--0-15 15 —0-82+0-12 
Skinfold thickness 
Subscapular 28 —0-96+0-17 13 —0-72+0-16 
Triceps 28 —0-37+0-18 13 —0-04+0-22 





Effects of an artificial diet on growth of patients with cystic fibrosis 779 


Group 1. 


Anthropometric measurements 

Changes before dietary treatment (period A). Mean 
changes in SD scores of height, weight, subscapular 
and triceps skinfold thickness in period A were not 
statistically significant. There was a small positive 
change in the mean score of head circumference 
(Table 3). 


Changes during dietary treatment (periods B and C). 
There was a significant increase in weight, height, 
and subscapular skinfold thickness (Figs 2, 3, and 
4; Table 3), but there were no significant changes in 
the SD scores of head circumference and triceps 
skinfold thickness. The improvement in height, 
weight, and subscapular skinfold thickness was 
most noticeable in period B (the first 6 months of 
dietary treatment) (Fig. 5). Younger patients showed 


Before diet ( 6 months ) 





e 


Change in S D score 


+ dg 
oo 
c c 


4 6 8 0 12 4 6 18 20 22 2. 26 28 


2 
Patients number 


2-5 E ESI: 
Age groups (years) 


Fig.2 Changes in weight in 28 patients expressed as 
changes in S D scores, before, during, and after 
treatment with artificial diet. Each column represents 
the change in one patient; positive values 2 
negative values Lj  . Patients are arranged according 
to age, increasing from left to right. 


the greatest change. Height gain was of a lesser 
degree than weight gain. If one may empirically con- 
sider a change of +0-5 SD score as indicative of a 
clinically significant improvement, then 10 (35-77) 
patients improved in weight, height, or both, 8 
(28.695) improved in weight, 6 (21:475) improved 
in height, and only 4 (14.325) improved in both 
weight and height. 


Changes after the diet was stopped (period D and E). 
Many patients lost weight while others continued to 
gain at a slower rate. Height increase also continued 
at a slower rate than that observed during the 
dietary period. There were significantly negative 
changes in the SD scores of height, weight, head 
circumference, subscapular and triceps skinfold 
thickness (Figs 2, 3, and 4; Table 3). 


Bone age 
The mean SD score at the end of the dietary treat- 
ment was significantly less retarded than the mean 
score 6 months before the artificial diet had been 
started (Table 4). This advancement in bone age 
continued after the diet had been stopped. 

When the patients’ heights were adjusted for bone 
age, negative changes were observed in the adjusted 
height SD scores during the dietary period and the 





20 22 24 26 28 
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Fig. 3 Changes in height in 28 patients expressed as 
changes in SD scores, before, during, and after 
treatment with artificial diet. Each column represents 
the change in one patient; positive values (© 
negative values Ej . Patients are arranged 
according to age, increasing from left to right. 
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12 months that followed. This indicates that ad- 
vancement of bone age was not accompanied by an 
appropriate increase in height (Table 4). 


Group 2. 


Anthropometric measurements 
Mean changes in SD scores of height, weight, head 
circumference, subscapular and triceps skinfold 


Before diet ( 6 months ) 


After diet (12 months ) 





2 à 5 B DW HÀ 
Patents number 


21-5 
Age groups ( years) 


lá 16 


18 20 22 24 26 28 


3-5 ] 









Fig. 4 Changes in subscapular skinfold thickness in 
28 patients expressed as changes in SD scores, 
before. during, and after treatment with artificial diet. 
Each column represents the change in one patient; 
positive values Ej , negative values [3 . Patients 
are arranged according to age, increasing from left to 
right, 


thickness were not statistically significant during 
any of the 3 periods of assessment; period A (6 
months), B and C (12 months), and D (6 months) 
(Table 3). The mean changes in scores did not differ 
from changes observed in patients of group 1 during 
the 6-month period before the diet was begun. 


Bone age 

The mean SD score at the beginning of the study was 
slightly better than the mean scores 12 or 24 months 
later (Table 5). When height was adjusted for bone 
age, the mean adjusted height scores were similar at 
the beginning of the study and 12 or 24 months later, 
indicating that the changes in bone age were paralleled 
by changes in height. 


Discussion 


The artificial diet given over 12 months led to a 
significant increase in height, weight, subscapular 
skinfold thickness, and bone age. This increase 
occurred mainly during the first 6 months of dietary 
treatment, which could reflect either a stabilisation 
of growth after a period of rapid gain or diminishing 
enthusiasm of the patients to take all their diet. The 
diet was unpleasant and continuous persuasion and 
encouragement were needed with some patients. To 
the best of our knowledge, most of the patients took 
all the recommended dietary treatment. Younger 
patients showed more significant improvement than 
older ones and, unfortunately, very small patients 
showed the least improvement. In those who 
improved, the gain in weight was partly a result of 
increase in lean body mass as shown by increase in 
height, and partly a result of fat deposition as 
shown by increase in the subscapular skinfold 
thickness. Although there was no similar increase in 
the triceps skinfold thickness during the dietary 
period, the absence of a decrease in this parameter 
may be significant since there is progressive decrease 
in triceps skinfold thickness with advancing age in 
patients with CF (J. G. Yassa, personal observation). 
The absence of change in head circumference was 
expected as all our patients were older than 3 years. 
There was a slight increase in the head circumference 
scores before the diet was started for which no 
explanation could be found. 

When the diet was discontinued many patients 
lost weight and others continued to gain but at a 
slower rate. This was associated with decrease in the 
standard score of both subscapular and triceps 
skinfold thickness. Weight loss in some patients was 
very rapid which led us to suspect the possibility of 
fluid rentention during the dietary treatment. Total 
body water was studied in a few patients but there 
was no convincing evidence of fluid retention. 
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Height gain became much slower after the diet was 
discontinued and at the same time there was a 
significantly negative change in the standard scores 
of head circumference. It is difficult to explain the 
changes in head growth after the discontinuation of 
the diet, but metabolic deficiencies produced by an 
artificial diet could not be excluded. 


Table 3 Change in anthropometric measurements 


The artificial diet led to advancement in bone age, 
an effect which persisted even after the diet was 
stopped. The increase in height was of a lesser 
degree—i.e. bone age became relatively more 
advanced than height. Most patients with CF have a 
delayed bone age, consequently growth may 
continue for a longer period than in normal children. 





Measurements Patients who received artificial diet (group 1) 





Change in SD scores 


n Period Periods Periods n Period Periods Period 


Patients who received conventional diet (group 2) 


Change in SD scores 





A B and C D and E A B and C D 
Head » =m 
circumference 27 +0-11+0-05 -|- +0-07 —Q-15+0-05 15 —0-03-+0-10 —0-22+0-13 0+0-10 
*c * 
Height 23 +0-02+0-04 +0-21+0-06 —0-10-+0-04 15 +0-05-+0-05 —0-08 40-08 —0-09+0-05 
ok ** 
Weight 28 +0:-06+-0-05 +0-32+0-08 —0-29+0-09 15 +0-11-+0-10 4-0-01 40-10 —0-03+0-08 
Subscapular skinfold — t+ 
thickness 28 —0-05--0- 11 --0-38 0-10 —0-45 0-12 13 —0-06 4-0. 12 +0-33+0-17 —0-04+0-09 
Triceps skinfold * e 
thickness 28 +0-09 —- 0:13 —0-02 0-11 —0-30 +0.14 13 +0-22+0-19 +0-08+0-19 +0-10+0-09 





Mean-+SEM. 
*P<0-05, **P<0-01, ***P<0-001. 


First 6 months 





skinfold 





thickness 


Second 6 months 





CITT TT cre rr eT tr TA 
24 68 O 2 1⁄4 B WB 20 2 24 26 28 2 4 6 8 10 v? 14 1 18 20 22 24 26 28 


Patients number 


Fig. 5 Comparison between changes in the first and second 6 months during dietary treatment. Changes in height, 
weight, and subscapular skinfold thickness are given in 28 patients. Each column represents the change in one patient, 
positive values p} negative values C]  . Patients are arranged according to age, increasing from left to right. 
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Table 4 Bone age and adjusted height in patients who received artificial diet 


Measurement Age (years) 


mean (range) 


No. of patients 


Period A Periods B and C Periods D and E 


CMM "IRR eee tn smear edi ee 


Bone age 6-55 (3-99-8 -96) 12 
Adjusted height 
Bone age 6.27 (3-99-8- 88) 9 


Adjusted height 


+++ 


—1.24+0.55 — —0-16+0-33 
+++ 
+0-45+0-49 — —1:27::0-35 
AOR 2k 
—1-22+0-38 —0-49+0-41 


—0-02+0-33 
++ 
0-48 +0.65 


+ —0-41+0-49 —1-18+0-46 
Mean + SEM. 


**P<0-02; ***P<0-01; ****P<0-001. 


Table 5 Bone age and adjusted height in patients who received conventional diet 


Measurement (SD score) No. of patients 


Bone age 12 


Beginning of assessment 


12 months’ assessment 24 months’ assessment 





2 —0-96--0-29 *—1-20+0-34 — 
Adjusted height 2 4-0-05 2- 0-31 +0-17+0-36 — 
Bcne age ? — 1-03 4-0-40 — —1-26+0-28 
Adjusted height 7 0-00+-0-29 


— —0-21+0-27 
a a a ee A—— ''(Q( S (!À(, )———————— REM o 0 Ü( inci 
Méan + SEM; *P —0-05. 


Advancement in bone age which is not associated 
with equal improvement in height may therefore be 
an ultimate disadvantage. 

In addition to growth studies, we also noted the 
effects of the diet on lung function and chest x-rays, 
and this will be reported elsewhere. No significant 
beneficial effects were observed. 

Our experience with this diet leads us to conclude 
that it may have a limited place, as short-term 
treatment, for patients who are failing to thrive. 
These are likely to be in the younger age group, 
where the best responses were seen. It might, for 
example, be used in children recovering from a 
surgical operation. We have no evidence that its 
long-term use is likely to be beneficial to many 
patients, and we feel that the restriction of normal 
life which is implicit in this unpleasant and highly 
artificial mode of nutrition outweighs the small 
improvements in growth that we observed. We 
would therefore not recommend it as routine treat- 
ment for CF. 


This study was supported by a grant from the 
Cystic Fibrosis Research Trust. 


We are grateful to Dr M. Preece, Department of 
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for help and advice on growth data; to Mrs L. 
Mercy, for measuring the children throughout the 
study; to paediatricians in South Wales, who kindly 
allowed us to study their patients; to the nursing 


staff in the paediatric units and to the Department 
of Medical Illustration in the University Hospital 
of Wales and the Tenovus Institute of Cancer 
Research; and, lastly, to the patients and their 
parents, without whose co-operation this study 
would not have been possible. 
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Table 1 p. 590 (July issue) in the Short Report ‘Repeat 
lumbar puncture in the diagnosis of meningitis’ 


should be as follows: 


Table 1 Cerebrospinal fluid findings in the case described 
Time after onset Time after WBC RBC 

of illness (h) admission (h) ( x 106/1) ( x 106/1) 
14 I 1 240 

27 13 -— Masses 

(Subdural fluid) 

28 14 4800 1800 

70 56 25000 0 

94 80 154 4 


SSS 
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Calcium intake in the first five days of life in the 


low birthweight infant 


Effects of calcium supplements 


M. MOYA AND E. DOMENECH 


From the Department of Paediatrics, Hospital General y Clinico, Tenerife 


SUMMARY Sixteen low birthweight infants were allocated to two groups. Both groups 1 and 2 
received a formula with Ca/PO, ratio of 1-21. Group 2 infants received a supplement of 800 mg/kg 
per day of Ca and Mg lactate, and the daily Ca, Mg, and PO, levels were measured. Calcium 
intakes (mg/kg per day) were, comparing groups 2 and 1: 82 v. 33 on the Ist day; 133 v. 45 on 2nd; 
170 v. 56 on 3rd; 224 v. 72 on 4th; 263 v. 88 on 5th. Magnesium intake (mg/kg per day) was 4:9 
v.'3:8 on the Ist day; 8:3 v. 5:3 on 2nd; 9:8 v. 6:5 on 3rd; 15:5 v. 8:3 on 4th; 16:0 v. 10-0 on 
5th. Phosphate intake was similar in both groups. Mineral content of vomits and regurgitations 
showed more Ca than P, with a ratio of 1: 68. Comparing the two groups, in the supplemented 
infants, serum Ca rose from the 3rd day by an amount which was related to Ca intake: serum Mg 
was lower from the 4th day and was negatively correlated with Ca intake. 


Early neonatal hypocalcaemia (ENH) is à clinical 
condition (Tsang and Oh, 1970) experienced by 
most preterm infants in the first 24-48 hours of life, 
which can give rise to serious complications—such as 
heart failure (Troughton and Singh, 1972) and other 
cardiac disorders (Colletti et al., 1974; Doménech 
et al., 1976), and to difficulties in management 
(Volpe, 1973; Weiss et al., 1975), or, at a later stage, 
to mental disturbances (Forfar, 1974), or dental 
defects (Purvis et al., 1973; Stimmler et al., 1973). 

Pathogenesis remains obscure. Among factors 
which may be involved are hypoparathyroidism 
(Anast et al., 1972; David and Anast, 1974), dis- 
orders of, or lack of, vitamin D (Hillman and 
Haddad, 1974), and hypercalcitonism (Hillman ef 
al., 1977), but there is no evidence of their direct 
implication in the production of this disorder of 
homeostasis. Some perinatal events may predispose 
to ENH (Bergman, 1974; Tsang ef al., 1976). 
Alimentary factors are important: e.g. calcium/ 
phosphate ratios and the quality and quantity of fat 
(Southgate er al., 1969; Barltrop and Oppé, 1970, 
1973). 

Balance experiments allow the rate of mineral gain 
by the neonate to be measured, but for obvious 
reasons it is necessary to start after the 5th day of 
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life (Widdowson, 1965; Day et al., 1975). Because 
ENH occurs before this time, and in view of the 
placental Ca transfer rate, it seems important to 
quantify the total intake of Ca, P, and Mg in this 
early period of life. 

The purpose of the investigation was to find out 
whether supplements of Ca and Mg to the diets of low 
birthweight infants would increase their serum Ca. 


Patients and methods 


Sixteen neonates of low birthweight were studied. 
They were between 34 and 38 weeks’ gestation, 
determined by the mothers’ last menstrual period 
and the scoring method of Dubowitz, and between 
1420 and 2470 g. They were assigned to two groups. 
Mean birthweight, gestation, height, and Apgar 
scores were not significantly different in the two 
groups. 


Group 1 (9 infants). These received a formula with 
lactose and normal total fat content, but partially 
substituted by vegetable fat. The mineral content is 
shown in the Table. Ca:P ratio measured by us, is 
near the lower limit given by the Committee on 
Nutrition of the American Academy of Pediatrics 
(1976). 
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Table Mineral content of the basic formula 











Content According to label Results of analysis* 
(mg/100 ml) (n — 45) 

Ca 49 55.32 + 0-16 

Mg 4-76 6-32 + 0-04 

PO; 39.20 45.55 + 0-08 
Ca/PO 4 ratio 1-25 1-21 + 0-002 
*Mean +SEM. 


Group 2 (7 infants). These received the same formula 
but supplemented with 800 mg/kg per day Ca lactate 
containing 13:5 mg Ca and 0-45 mg Mg element in 
each 100 mg of the salt, divided in 7 doses and mixed 
with each feed. 

In both groups feeding was started between the 
first 6 and 12 hours of life and with a schedule rising 
from 50 kcal/kg (0:21 MJ/kg) on the Ist day to 120 
kcal/kg (0: 50 MJ/kg) on the 5th. Energy intake was 
calculated from manufacturer's data. 

The concentrations of Ca, Mg, and P in the diet 
were measured by taking an aliquot of each feed. 
They were dried and ashed at 450°C and then 
dissolved in HCl. Ca and Mg were measured by 
atomic absorption spectrophotometer, and P by the 
method of Fiske and Subbarow. Vomits and regur- 
gitations were collected on ashless filter paper 
(Whatman no. 541), processed in the same way, and 
subtracted from intake. 

Blood samples were obtained daily before the 
first feed in the morning. 

Informed parental consent was obtained. All 
figures appearing in the text are expressed as mean 
--SEM. Comparison of means was made by 
Student's / test. 


Results 


Because results were not significantly different in 
appropriate-for-gestation age (AGA) and small-for- 
gestational age (SGA) infants, comparisons were 
made only between groups 1 and 2. 


Mineral intake. In group 1 Ca intake was 33 + 3 
mg/kg per day on Ist day, rising to 88 + 2 mg/kg 
per day on day 5. In group 2 Ca intake was 82 -- 17 
mg/kg per day on Ist day, rising to 263 + 19 mg/kg 
per day on day 5. 

There was a parallel rise in P intake in both 
groups and no significant differences between 
them. On the 5th day P intake was 73 + 2 in 
group 1 infants and 82 + 5 in group 2. 

After the 1st day there were differences in Mg 
intakes between the two groups. Throughout the 5 
days, Mg intake per day (3.8 + 0-3 to 16-0 + 1-0 
mg/kg per day) was within the wide range of the 


Mg supplied by most milk formulae, although the 
Mg intake of group 2 was in the upper part of the 
range. 


Plasma minerals concentration. The Figure shows 
that serum total Ca began to rise significantly from 
the 3rd day with a rising trend in group 2, reaching 
9.25 + 0:19 v. 7 -77 + 0-35 mg/100 ml on the Sth 
day. Levels of significance are shown. Two days 
after the supplementation ended, total serum Ca in 
group 2 was 8-70 + 0-26 mg/100 ml. At the 7th 
day of life, for group 1, this figure was 8-25 + 0-35 
mg/100 ml. 

Serum P (Figure) showed little change in either 
group, with an initial and final mean of 5-6 and 5.5 
mg/100 ml in group 1; and 4-52 and 5-27 in group 2. 
Serum Mg showed higher values in group 1 from 
the 4th day. On the Ist day the lower level of group 1 
was owing to the presence of two babies with hypo- 
magnesaemia (0-9 and 1-1 mg/100 ml). Apart from 
these, all values were above the accepted lower limit 
for adults (1-4 mg/100 ml). ` 


Correlations. Correlations were sought between all 
variables analysed, including weight and gestational 
age. None was significant, except calcaemia and Ca 
intake (r = 0-55; P<0-01), and magnesaemia and 
Mg intake (r = 0-54; P<0-01), the first day values 
having been excluded because of their known higher 
values. A negative correlation between serum Mg 
level and Ca intake (r = — 0-81; P<0-001) was 
noted in group 2. 


Discussion 


The incidence of ENH even in babies born of mothers 
not at risk for this complication raises the point that 
Ca is among a number of elements which should 
normally accumulate in the last trimester of preg- 
nancy. If the placental pump ceases there are two 
mechanisms available for maintaining Ca homeo- 
stasis—via the external nutrients supply or from 
bone resorption. Three considerations are pertinent 
to neonatal Ca regulation: (1) placental supply, 
(2) bone Ca reservoir, and (3) alimentary supply. 
According to Shaw (1973, 1976) the placental 
transfer at term is about 150 mg/kg per day, and this 
is because an active transport mechanism (Armstrong 
et al., 1970) maintains a higher cord blood Ca level, 
10-36 + 0-11 mg/100 ml, than that of venous 
maternal blood, 9-58 + 0-10 (n = 12; P<0-001) 
(Moya and Doménech, 1976). A large proportion 
of the plasma Ca is ionised (Delivoria-Papadopoulos 
et al., 1967) and these high levels in the fetus 
stimulate calcitonin and inhibit parathormone 
secretion producing conditions favourable to the 
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accelerating Ca accumulation during the last 
trimester of pregnancy (Pitkin, 1975). 

After delivery the placental Ca flow is abruptly 
interrupted and the fetal situation is maintained 
by means of some degree of parathyroid inertia 
and some hypercalcitonism (Bergman et al., 1974; 
David and Anast, 1974; Hillman et al., 1977); 
Ca homeostasis should then depend on osseous 
mobilisation or on exogenous supply. Bone contribu- 
tion is limited in the neonatal period, because Ca 
reserves are considerably smaller in the newborn, 
0-71% of body weight (Stearns, 1939), than at 
older ages, 1-6% of body weight (Walser, 1961). 
These reserves may be reduced by a restriction of 
dietary Ca by the pregnant mother, at least in the rat 
(Moya and Vento, 1976), although there is no exact 
parallel with humans, since in rats blood Ca levels 
do not fall despite the low Ca content of the diet. 
Local food habits, with poor Ca supply or with 
natural chelants for this cation may aggravate this 
situation in the pregnant woman through maternal 
hypocalcaemia (Watney et al., 1971). Moreover 
the skeleton of a baby born prematurely, in contrast 
to what occurs in the same period of intrauterine 
life, fails to mineralise significantly within the first 
28 days of extrauterine life (McIntosh et al., 1977). 

Concerning alimentary supply we have seen how 
with a rather generous caloric schedule and a 
conventional formula, the actual Ca intake in the 





P« 0-05 P<0:01 


Figure Plasma concentrations 
of calcium, magnesium, and 
phosphate. 


first 5 days was 32, 45, 55, 71, and 87 mg/kg, and 
with an appropriate Ca/PO, ratio. In a previous 
series of infants (Moya and Doménech, 1976), we 
observed a negative Ca and Mg balance in one baby 
because of a tendency to regurgitate. In the first day 
the loss was 4 mg/kg Ca and 1-4 mg/kg Mg. 
In the present study the mineral content of vomits 
and regurgitations was measured. In group í the 
total Ca regurgitated was higher than P, thus the 
daily Ca/P ratio in this regurgitated material was 
greater than in the feed formula, 1-68, 1-66, 1-61, 
1-97, 1-34. In group 2 this ratio was higher, because 
the P regurgitated was kept at the same level as in 
group 1— 2-90, 1-85, 2-51, 1-95, 3-05. Despite its 
addition, the Mg content in the regurgitated material 
of this group was not as high. The number of vomits 
and regurgitations did not differ significantly in 
either group. 

This study was designed to examine the effective- 
ness of supplementing Ca intake to prevent early 
neonatal hypocalcaemia. In group 2 only one baby 
suffered from hypocalcaemia and on the first day. 
By contrast, in group 1, 5 out of the 9 infants had a 
serum Ca<7 mg/100 ml at least in one sample, 
needing oral or parenteral Ca administration. Serum 
Mg reflected the extra Ca intake, with lower levels 
at the end of the study, and we found 3 cases of 
symptomless hypomagnesaemia (<1-4 mg/100 ml) 
all of which subsided spontaneously. Competition of 
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divalent cations in the absorbing process carried out 
by the enterocyte may explain this—a hypothesis in 
keeping with the negative correlation found between 
serum Mg level and Ca intake. 

We have shown that on a conventional formula 
the infants in this study had received 87 mg/kg per 
day of Ca by day 5. As a fetus of 36 weeks’ gestation 
may receive placentally 150 mg/kg per day, the 
conventional formula would appear to provide too 
little Ca. When infants received supplements of Ca 
lactate, a Ca intake of 150 mg/kg per day was 
achieved between the 2nd and 3rd day of life, and 
these infants exhibited significantly higher levels of 
serum Ca on days 4 and 5. As there was no change in 
the plasma P, these data suggest that a useful 
amount of the additional Ca was absorbed. 
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Failure to thrive or failure to rear? 
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SUMMARY The study group comprised 40 unselected Caucasian children admitted to hospital 
whose ages were between 3 months and 3 years and whose weights were —3rd centile. A comparison 
group comprised 34 children from a similar background whose weights were between the 25th and 75th 
centiles. The mothers of all 74 children were interviewed and information was obtained on physical 
health of the child, social and family factors, bonding, feeding difficulties, and maternal childhood 
experience. In 23 of the 40 underweight children the organic disease was considered to be insufficient 
to explain the child being underweight and to be probably insufficient in a further 9 children. Three 
factors occurred more frequently in these 32 underweight children. The mother often perceived 
herself as having a disturbed mood and used the word ‘depression’ to describe these feelings. She 
also tended to come from a lower social class than the mother in the comparison group, and her 
infant frequently had a low birthweight. Identification of these children is not difficult; clinical 
investigations need to be minimal, and therapy should be directed towards supporting the mother 


emotionally, improving her relationship with her child, and increasing her mothering skills. 


Failure to thrive is a term applied to a young child 
whose growth, particularly weight, is much less than 
anticipated. It is a syndrome with many causes. It is 
a common manifestation of ill health in the early 
years of life; on the other hand, it may equally be a 
consequence of inadequate parental care—whether 
due to parental ill health, ignorance, or poverty. 
Occasionally it is the primary health problem in the 
minds of the parents. Many organic diseases, from 
gluten enteropathy to chronic renal failure, present 
with ‘failure to thrive’ and in attempts to exclude 
these possibilities undernourished infants admitted 
to hospital are often subjected to many investiga- 
tions, all of which will probably give negative results. 
However, these investigations may be considered to 
be essential before the more ill-defined and subtler 
factors can be evaluated and an appropriate approach 
adopted. The diagnostic approach has the dis- 
advantage that it delays recognition of the real 
problems and it is expensive, but more important 
than either of these, it tends to confirm to the 
parents that there is a disorder in the infant which 
would come to light if only the doctor could make 
the appropriate investigation. 

Clinical experience and community studies have 
shown the importance of nonorganic factors in 
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producing growth failure. Any health care pro- 
gramme or hospital policy evaluating underweight 
children admitted to hospital must assess all factors 
within the particular family and community. 

In this report an attempt was made to evaluate 
maternal and social factors, mother-child bonding, 
and infant practices, as well as organic disturbances 
in a group of underweight children admitted to 
hospital. The report is mainly concerned with those 
children in whom no underlying organic disorder was 
present. As this group reflects what a hospital sees, it 
does not necessarily represent the range of problems 
in the community. 


Method 


During a 5-month period, 40 Caucasian children 
aged between 3 months and 3 years and weighing 
«3rd centile on the Tanner Whitehouse Charts 
(1959) were admitted to the hospital (study group). 
As by definition 3 of every 100 children are <3rd 
centile for weight, this group may have included 
normal children in addition to those failing to thrive. 
Another group of 34 unselected children of similar 
ages but whose weights were between the 25th and 75th 
centiles was also studied during the same period 
(comparison group). Only a single measurement was 
made, so linear growth was not assessed. The two 
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groups were similar in age distribution. There were 
more boys than girls among the undersized children, 
but this difference was not statistically significant. 
The study group was divided in 3 according to 
whether organic disease was considered responsible 
(group A, 8 children), possibly responsible (group B, 
9 children), or not responsible (group C, 23 children) 
for the child being below weight. The nature of the 
organic disorder present in children in groups A and B 
is shown in Table 1. A profile of the ages, weights, 
and distribution of the 40 children in the study group 
is shown for boys in Fig. 1 and for girls in Fig. 2. 
Although height was not a criterion for admission 
to the study, it was measured in 37 of the 40 children 
in the study group. Seven of 8 in group A, 5 of 9 
in group B, and 10 of 20 children in group C had 
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Table 1 Nature of organic disorder present in children 
in groups A and B 


Le 


Group A (organic explanation for being underweight (n = 8) 
Tracheo-oesophageal fistula with recurrent aspiration 
Total anomalous pulmonary venous drainage 
Pulmonary atresia 
Severe mental retardation and cerebral palsy 
Central nervous system degeneration 
Hypothalamic tumour 
Down’s syndrome 
Cystinosis 


Group B (possible organic explanation for being underweight) (n = 9) 
Moderately severe asthma (2 cases) 
Gastro-oesophageal reflux (2 cases) 
Recurrent paroxysmal atrial tachycardia 
Severe eczema 
Urinary tract infection 
Poor weight gain in hospital (2 cases) 
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heights —3rd centile. Thus, many of the children were 
short as well as underweight. 

The nature of the interview was explained to all 
the mothers by the same person. The questionnaire 
was semistructured and designed to explore 5 areas: 
physical health of the child, social and family 
structure, the attachment process, feeding difficulties, 
and maternal childhood experience. 


Physical health of the child, and social and family 
structure. Facts were sought on these. 


Mother-infant attachment. Information was obtained 
on birthweight, gestation, type of delivery, difficulties 
in the pregnancy and neonatal period, and separation 
after birth. The mother rated how often the baby 
cried, how easy he was to comfort, and how soundly 





Fig.2 Underweight girls in study group. 








he slept. Maternal attitude towards the pregnancy 
and subsequent feelings of depression were explored. 
Each mother was told that it was common to feel 
depressed after the birth of a child and then asked if 
this had happened to her. Any mother in whom 
symptoms persisted for >2 weeks was regarded as 
showing postpartum depression. The mother was 
then asked if at any time after this she had become 
depressed and, if the answer was yes, had she sought 
help from her doctor. 


Feeding difficulties. Each mother was asked about 
initial method of feeding and associated difficulties. 
She was also asked to grade her enjoyment of the 
feeding itself, the appetite of the child during the 
previous few months, and whether the child was a 
‘fussy’ eater. 


Maternal childhood experience. Each mother was 
asked to rate the happiness of her own childhood and 
the quality of her relationship with her own mother. 
Details of any childhood separation were obtained. 


Results 


Results from group A (children in whom organic 
disease was considered responsible for their being 
underweight) have not been included as these results 
were generally similar to those of the comparison 


group. 


Physical health. Most children were admitted with an 
acute intercurrent illness (Table 2). Only 3 of 23 
children in group C had previously been identified 
as failing to thrive, but 10 had had previous hospital 
admissions. Six of the 34 in the comparison group 
had had previous admissions. 

Six of the children in group C had never attended 
an infant welfare clinic compared with one child in 
the comparison group. The mode of admission was 
similar for groups B, C, and the comparison group. 


Social and family structure. The social class distribu- 
tion was determined from the father’s occupation, or 
the mother’s occupation if she was single, by 
referring to the Registrar General’s Classification of 
Occupations for the 1970 census. In Table 3 social 
classes I and II, and IV and V are combined. 
Group C contained an excess of social classes IV 
and V, but it and the comparison group were similar 


Table 2 Nature of disorder precipitating admission 








Precipitating disorder Comparison Study group Group C 
group (A, B, and C) only 

Acute lower respiratory 

illness 17 11 7 
Febrile convulsion 9 5 4 
Fever of undetermined 

cause 2 6 3 
Gastrointestinal symptoms 2 3 2 
Otitis media -— 6 3 
Failure to thrive for 

investigation -— 3 3 
Others 4 6 1 
No. of children 34 40 23 
Table 3 Social class distribution of mothers 
Social class Comparison Study group Group B Group C 

group (n = 40) (n = 9) (n = 23) 
(n — 34) 

I and II 6 2 0 0 
HI 20 22 4 12 
IV and V 4 11 4 7 


as 
Mothers not included were either single and unemployed, or had 


husbands in the services. 
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in terms of maternal age, paternal age, midparental 
height, number of children in the family, birth 
order of the index child, and birth interval to the next 
eldest child. The two groups were also comparable in 
the number of mothers having employment outside 
the home, the number who were single or separated, 
and the number coming from areas of the city 
identified as showing high socioeconomic depriva- 
tion in a County Council Draft Report Survey 
(1974). 


Attachment. The nature of the delivery was generally 
similar between the groups, except that 3 babies in 
group C had been born by caesarean section com- 
pared with none in the comparison group. There 
were no differences between the groups as to when the 
mothers had first seen or handled their babies, apart 
from the mothers who had had a caesarean section. 

The study group contained more babies born both 
prematurely and light-for-dates. Five of 23 in 
group C and one of 9 in group B had a gestation 
<37 weeks compared with one in 34 in the compari- 
son group. Four of the 5 premature children in 
group C remained <3rd centile for weight at the 
time of the study, making an allowance for gestation. 
Of the babies born at or after 37 weeks of gestation, 
4 of 23 in group C and one of 9 in group B had a 
birthweight <2500 g compared with none in the 
comparison group. The differences in birthweight 
between group C and the comparison group for 
babies born at 37 weeks of gestation remained highly 
significant if only children of social class III mothers 
were compared (P —0-003, Mann Whitney U test). 

No significant differences existed between the 
groups in the mother's rating of how frequently the 
baby cried, how easy he was to comfort, or how 
soundly he slept. There was a trend for mothers in 
group C to be less happy than other mothers about 
becoming pregnant, although in all groups mothers 
appeared from the beginning of the pregnancy to 
want to keep the babies. More mothers in group C 
than in the comparison group regarded themselves 
as unwell during the pregnancy, although this 
difference was less pronounced if only social class 
III mothers were compared. 

A marked difference existed between the” groups 
in the number of mothers who experienced signifi- 
cant postpartum depression, who subsequently felt 
they were depressed, and who visited their doctor 
because they considered themselves depressed. These 
differences, shown in Table 4, remain highly 
significant if only social class III mothers are 
considered. All differences between the comparison 
mothers and group C were significant at P<0-01, 
except for postpartum depression where P was <0-05 
(y? and Fisher's exact probability tests). 
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Table 4 Mothers in comparison group, group B, or 
group C with ‘depression’ either in the postpartum 


period or subsequently 
Mic ode ac ""—— 





Group No. of mothers 
In group With signifi- With depres- Who visited 
cant post- sion after GP for 
partum puerperium depression 
depression afier 
puerperium 
edie E E ee A (P RM 
Comparison 34 4 8 3 (1 in social 
class III) 
B 9 4 5 3 (2 in social 
class III) 
23 9 14 10 (6 in social 


class III) 











Feeding difficulties. A difference between group C 
and the comparison group in intention to breast feed 
(P<0-1) became less apparent if only social class ITI 
mothers were compared. Mothers in groups B and 
C tended to regard their babies initially as being 
difficult to feed, and to associate mixed feelings with 
the feeding itself. There were no significant differences 
between group C and the comparison group on 
whether the child's appetite before the current 
admission was regarded by the mother as good, 
average, or poor, nor on whether the child was 
considered a 'fussy' eater or not. Only 5 of the 
children in group C were described as having a poor 
appetite. 


Maternal childhood experience. Six of 23 mothers in 
group C, and 5 of 34 from the comparison group had 
a protracted family disruption, not due to parental 
death, before they were 12. Three mothers in the 
comparison group and 3 in group C had spent a 
period either fostered or in a children's home. 

Mothers in each group had a similar number of 
siblings, Four mothers in the comparison group and 
2 in group C described their own childhoods as sad 
or very sad, while 3 of the comparison group and 6 
of group C regarded their relationships with their 
own mothers as poor or very poor. 


Discussion 


Three factors were more common in the underweight 
child admitted to hospital: the mother of the child 
often perceived herself as having a disturbance of 
mood, her social class tended to be lower than that 
of the mother in the comparison group, and her 
infant frequently had a low birthweight. These 3 
factors are not necessarily in themselves causal, but 
together with the trend for differences in other areas 
they indicate a complex interaction between the 
mother, the child, and the environment. While 
differences in social class and birthweight were 


expected, the magnitude of the association between 
mood disturbance in the mother and the child being 
underweight was surprising. 

Although these mothers used the word ‘depression’ 
to describe their disturbed mood, it was not estab- 
lished whether it was pure depression or a depression 
associated with an underlying character or neurotic 
disorder. Neligan et al. (1976) noted an increased 
incidence of neuroticism and rejection in mothers of 
light-for-date infants. Fischhoff et al. (1971) and 
Hutton and Oates (1977) have described the presence 
of depression and character disorder in mothers of 
infants with nonorganic growth failure. Nine of 16 
mothers reported by Fischhoff et al. (1971) showed 
evidence of depression, and in 7 cases this was 
thought to be associated with a character disorder. 
The relationship between these depressive feelings, 
the child, and the child being underweight is not 
clear. No information is available on the frequency 
of depressive symptoms in the mothers before they 
became pregnant. All 5 of our mothers who were 
unhappy to be pregnant complained of subsequent 
depression and 4 had sought help from their doctors. 
Four of the 7 mothers with premature infants had 
also seen their doctors because of depression. 

As the study and comparison groups were selected 
on the basis of weight, the lower birthweight in the 
study group children is perhaps not surprising. 
Although the 2 groups were similar in terms of 
maternal age, height, and parity, no information was 
available about smoking habits of the mothers. The 
mothers of infants who were born light-for-dates or 
premature were no different from other mothers 
of underweight children in their responses to the 
questionnaire. Social class is related to birthweight 
(Chamberlain, 1975) and to the subsequent growth 
pattern of the child (Miller et al., 1960). As 
an indication of subsequent growth of the child, 
Neligan and Prudham (1976) found that a variety of 
family factors, the most significant of which was the 
quality of mothering in the first 3 years, were more 
valid indicators than was social class itself. Low 
birthweight, particularly —5th centile for gestational 
age, is associated with subsequent behavioural 
disturbance, diminished growth, and reduced 
intellectual abilities of the child (Neligan et al., 1976). 
The average birthweight of children in group C 
whose gestation was 7:37 weeks was however 
>10th centile. 

Whitten et al. (1969) showed that children with 
failure to thrive often have inadequate nutrition 
despite the mother giving a history of an apparently 
normal intake. Inadequate nutrition is probably 
present as one aspect of a more general inadequacy 
of mothering in those underweight children in group 
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Frommer and O’Shea (1973) stated that the 
difficulty a mother experiences with her child is 
related to her own mothering experience, particularly 
to separation from her parents at an early age. In 
this study the mothers of the underweight children 
had no greater incidence of childhood family 
disruption or separation. 

That no difference existed in the number of 
children coming from inner city areas was surprising 
in view of the known high incidence in this locality 
of ‘light-for-dates’ infants and cot deaths (Madeley, 
1977). Boys have been recognised as being particu- 
larly vulnerable in this neonatal period and first few 
years of life and, if the study had been larger, the 
preponderance of boys in group C might have been 
significant. 

Low birthweight has been identified in both 
Sheffield (Emery, 1976) and Nottingham (Madeley, 
1977) as a risk factor for sudden infant death, a 
syndrome which is itself associated with social dis- 
advantage. Similarities also exist between the 
syndromes of nonaccidental injury and failure to 
thrive (Lynch, 1977). A severely disturbed parent- 
infant attachment has been suggested as the basis of 
both syndromes (Klaus and Kennell, 1976). No 
instances of nonaccidental injury were recognised in 
these 40 children at the time. 

Plotting of all children admitted to hospital or 
attending infant welfare clinics on centile charts 
would identify the child with poor growth. A social 
and parental history would suggest whether the child 
was underweight because of nonorganic factors, and 
what the major factors operating in that child were. 
While a 2-week period in hospital to confirm the 
diagnosis by assessing weight gain is useful, it is not 
always practicable or desirable. Whether the child is 
identified in its own right, or whether the mother 
identifies the child when she presents because of a 
mood disturbance complaining of depression, there 
is an argument for early supportive intervention to 
encourage optimal growth and development. 

Both behavioural disturbances (Pollitt and Eichler, 
1976) and reduced intelligence (Hutton and Oates, 
1977) have been documented in children in circum- 
stances where growth failure is associated with a 
disturbed parent-infant attachment. There is inade- 
quate information to comment on the development 
and behaviour of children in this study, but a danger 
would exist in extrapolating findings from other 
studies where a variety of criteria have been used to 
identify children with failure to thrive. 

Treatment should aim to support the mother 
emotionally, improve her relationship with her child, 
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and increase her mothering skills. If a warm relation- 
ship is established with the mother, it may be possible 
to influence her by counselling, particularly in play 
situations with the child. A health visitor attached to 
both a general practitioner and infant welfare clinic 
and concerned with the welfare of children in a 
particular area, would seem the most suitable person 
to undertake this task. 


We thank Dr P. Barbor, Dr D. Johnston, and 
Dr A. Milner for allowing study of their patients. 
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SUMMARY As there is uncertainty about the nature of the metabolic defect in vitamin B6- 
responsive convulsions, certain aspects of pyridoxol metabolism were studied in 3 patients who 
were believed on clinical grounds to have the condition. The findings were compared with those in 
healthy children and adults, and in children with mental handicap. The magnitude of the initial 
rise and the subsequent fall in plasma pyridoxal phosphate (PALP) concentrations after a load of 
pyridoxol suggested that the vitamin B6-responsive patients were able to synthesise PALP normally 
but were unable to maintain the prolonged high levels normally found in plasma. The urinary 
excretion of 4-pyridoxic acid was within normal limits, but the excretion of pyridoxol after the load 
was raised. It is suggested that there may be an instability of the PALP-albumin complex in this 
condition. Some of the biochemical features were also observed in an infant presenting with con- 


vulsions soon after birth but without evidence of clinical B6-dependency. 


Vitamin B6-responsive convulsions of early infancy 
were first described by Hunt et al. (1954). Patients 
reported subsequently suggest that an autosomal 
recessive gene is responsible for the clinical pheno- 
type, the principal feature of which is tonic-clonic 
convulsions appearing before or shortly after birth. 
The convulsive activity in these infants responds 
dramatically when pyridoxol (often referred to as 
pyridoxine) is administered orally in amounts which 
may vary from 2 to 80 mg or more daily. The usual 
anticonvulsant drugs have not proved very effective 
in controlling the fits. 

Routine biochemical investigations show no 
abnormality in the patients, and sensitive indicators 
of the vitamin B6 cofactor (pyridoxal-5'-phosphate) 
activity—such as the tryptophan load test (Coursin, 
1964) and erythrocyte aspartate aminotransferase 
cofactor activation (Hamfelt, 1966)—have invari- 
ably given normal results. The specific investigation 
of pyridoxol metabolism has been the subject of 
two reports (Scriver and Cullen, 1965; Gentz et al., 
1967) and in both it was concluded that no disorder 
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of systemic vitamin B6 metabolism existed in this 
clinical condition. It has since been inferred that the 
underlying metabolic defect involves a specific 
cerebral enzyme with a requirement for pyridoxal 
phosphate. Thus, the genetic defect would be 
manifest in an altered apo-enzyme structure which 
affected its binding capacity for the cofactor, a 
situation analogous to several other well-documented 
inborn errors of metabolism (Mudd, 1971). The 
pyridoxal phosphate-requiring enzyme, glutamic 
acid decarboxylase, with its role in the synthesis of 
y-amino-butyric acid, a putative neuroinhibitory 
transmitter substance, has therefore been implicated 
(Scriver and Whelan, 1969). There has been no 
experimental evidence that unequivocally establishes 
an inborn error of metabolism of this particular 
enzyme as the primary cause of vitamin B6- 
responsive convulsions of early infancy. 

Early reports of the clinical condition described 
abnormalities in the urinary excretion of pyridoxol 
and its metabolites (Coursin, 1960: Scriver, 1960), 
although this was not confirmed in later investi- 
gations on older children (Scriver and Cullen, 1965; 
Gentz et al., 1967). In view of the uncertainty about 
the nature of the metabolic defect in this neuro- 
logical disorder it was considered appropriate to 
re-examine certain aspects of pyridoxol metabolism 
in healthy children and adults, in sick children, and 
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in 4 children considered to have vitamin B6- 
responsive convulsions. 

Cases 1 to 3 were the subject of an earlier study 
on EEG changes in this condition (Willey, 1972). 
Although Case 4 was manifestly not pyridoxol- 
sensitive in the strict sense, the early onset of fits 
was typical as was the lack of response to the late 
administration of pyridoxol. 


Subjects 


Studies were made on 3 patients who were believed 
clinically to have no abnormality of pyridoxol 
metabolism, and on a 4th infant who had early onset 
of fits but was not clinically vitamin B6-dependent. 
Results were compared with those obtained in 3 
groups of subjects. 


Group A. 12 boys and 7 girls aged 3 weeks to 44 
years were inpatients at The Hospital for Sick 
Children and were being investigated for the cause 
of mental handicap. Their final diagnoses included 
congenital cerebral malformations, goitrous cre- 
tinism, spastic quadriplegia, myoclonic epilepsy, 
Menkes's disease, and autism. In several patients no 
definitive diagnosis was made; most presented with 
convulsions and were receiving anticonvulsant drugs 
as part of their treatment. Analyses were performed 
on blood or urine or on both. 


Group B. 6 boys and 5 girls aged 21 to 10 years 
were healthy children. Analyses were made on 
urine only, as no blood could be taken. 


Group C. 9 women and 5 men aged 20 to 42 years 
were healthy adults. Analyses were performed on 
blood or urine or on both. 


Case reports 


Case 1. A term baby girl born normally weighing 
4-1 kg and initially robust, became distressed by 
14 hours with shallow breathing and abdominal 
distension. Almost continuous convulsions began 
after 24 hours and increased in frequency and 
violence in spite of paraldehyde and diazepam, but 
were suppressed at 40 hours by the intramuscular 
injection of pyridoxol 25 mg repeated 12-hourly. 
Pronounced changes in muscle tone were observed 
in relation to pyridoxol administration, with 
floppiness and irritability alternating with normality. 

The child’s mother recalled frequent painful 
episodes during the last trimester of pregnancy, 
when the fetus had trembled rhythmically for up to 
half-an-hour. A previous infant born 2 years before 
had behaved similarly and died after convulsions 
aged 2 days: necropsy had shown nothing of 


significance. A diagnosis of pyridoxol-dependent 
epilepsy seemed likely in retrospect. 

The patient progressed at home with periods of 
trembling, variations in muscle tone, and occasional 
convulsions until the pyridoxol, 20 mg, was in- 
creased from 12-hourly to 8-hourly. At 0-92 year, 
her dependence upon vitamin B6 was challenged 
and resulted in confusion and hypotonicity after 48 
hours followed by a generalised convulsion after 72 
hours, again suppressed by pyridoxol. Irritability 
and short convulsions at 1j years prompted a 
further increase in dosage to 40 mg 8-hourly with 
incomplete control, until at 24 years during a further 
deterioration 80 mg 8-hourly was begun, but 
increased confusion and clumsiness followed and a 
reduction to 60 mg 8-hourly proved optimal. 

Her developmental progress was watched 
anxiously. She could sit indefinitely by 0:9 year, 
moving in this position but not crawling during the 
second year, and walkingindependently but insecurely 
at 2-25 years. Clumsiness has persisted and affects 
manipulation equally. Periods of apathy and con- 
fusion persist, but to a diminishing degree with 
variation in muscle tone, calf muscle spasms, and 
toe walking associated with explosive deep reflexes. 
Developmental assessment at intervals indicated a 
reduced intelligence within the mildly mentally- 
handicapped range and a specific problem in motor 
co-ordination. Her EEG records were consistently 
normal during the intervals between convulsions, 
provided pyridoxol supplementation was main- 
tained. After 2 years at the local school she was 
transferred for special education to a school for the 
mildly mentally handicapped with an IQ on the 
Wechsler preschool and primary scale of 68 (verbal 
scale 64, performance scale 80). 


Case 2. This infant, the only child of nonconsan- 
guineous healthy parents, had a normal birth in 
hospital 10 days before the expected date and 
weighed 2:8 kg after an unremarkable pregnancy. 
Her condition at birth was excellent, but 23 hours 
later she was moved to the special baby nursery 
agitated and trembling. Generalised convulsions 
began shortly afterwards and were soon violent and 
almost continuous. Pyridoxol, 50 mg, was given 
intramuscularly at 4 hours of age with complete 
suppression of convulsions within 10 minutes; this 
was sustained by 20 mg given 12-hourly by mouth 
for the next week. The diagnosis of dependency was 
then challenged by stopping the pyridoxol. After 
several days of irritability convulsions were resumed 
on day 5 and were again suppressed promptly with 
pyridoxol. This whole sequence was then repeated 
with EEG monitoring and the dependency con- 
firmed without any doubt. Similar observations 
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were made at 2-5 and 4 years, confirming that there 
had been no change in her dependence on pyridoxol 
supplementation. It was noted that after stopping 
the maintenance dose, convulsions, preceded by a 
period of weakness and confusion, resulted in 4 or 
5 days and that several days of neurological ab- 
normality persisted after the resumption of pyri- 
doxol. 

Motor development has been marginally slow 
with walking by 1-42 years, the gait remaining 
insecure and quick to tire. At 5 years, she was 
socially acceptable as a school entrant, but remained 
a dreamy observer and by 6 was transferred for 
special educational facilities in a school for the 
mildly mentally handicapped. At that time her 
motor proficiency, drawing, and language develop- 
ment were at the 4-year level and her concentration 
span was short. 


Case 3. The second child of healthy nonconsanguine- 
Ous parents was born in a maternity home at term 
and weighed 3-2 kg. Pregnancy had been com- 
plicated by unprovoked periodic hammering of the 
uterus during the last trimester, interpreted retro- 
spectively as intrauterine convulsions. Although 
robust at birth he was covered in meconium and 
needed some routine cleaning of the airways. 
Breathing distress was reported at 2 hours and 
generalised convulsions supervened at 4 hours when 
he was transferred to the district hospital. Routine 
investigations of CSF and blood were normal, and 
standard anticonvulsant treatment was ineffective. 
By 17 hours the convulsions were violent and almost 
continuous with limbs extended and head thrown 
back. Pyridoxol, 20 mg, was then given intramuscu- 
larly and after 15 to 20 minutes the fits stopped, the 
infant becoming limp and apnoeic. Ventilation with 
oxygen after tracheal intubation was necessary for 
an hour before regular breathing was resumed. 

During the next 48 hours while taking pyridoxol 
20 mg 12-hourly by mouth, the infant gradually 
became normally strong and looked remarkably 
improved. Pyridoxol supplementation was stopped 
at the end of 3 days as its relevance seemed in doubt, 
but after another 4 days the infant again became 
limp and on the 10th day of life convulsions were 
resumed and continued during the next week, giving 
the impression of intrapartum brain damage until 
pyridoxol 20 mg 12-hourly was eventually resumed 
at age 17 days. There was again a remarkable change 
from tonic convulsions and rigidity to hypotonicity 
with abdominal distension and respiratory depres- 
sion, but there were no further fits. 

While monitoring with EEG, a month later 
pyridoxol was stopped in order to challenge de- 
pendency, but within 4 days sustained convulsions 


were resumed with explosive deep reflex responses 
and sustained ankle clonus. The resumption of 20 
mg pyridoxol 12-hourly was effective but when the 
dose was reduced at 2-42 years of age to 10 mg 
12-hourly, confusion, restlessness, and a state of 
profound hypotonia occurred within a week. This 
resolved gradually as he was given more pyridoxol 
and he remains well at 62 years on 20 mg pyridoxol 
12-hourly by mouth, and shows little clinical 
variation from day to day. 

Sitting was achieved at one year with independent 
walking by 2 years. Large movements were clumsy 
until he entered school and at 6 years the motor 
proficiency (Stott) was at the 4-year level with 
representational drawing and speech less well 
advanced. The child is awaiting transfer for special 
schooling appropriate for the mildly mentally 
handicapped. 


In addition to these 3 cases in which there was 
clear evidence of vitamin B6-dependency, we include 
details of an infant presenting with convulsions soon 
after birth, who, although lacking clinical evidence 
of vitamin B6-dependency, shared with Cases 1-3, 
certain biochemical features. 


Case 4. This baby girl was the first child of healthy 
nonconsanguineous parents. The birthweight was 
3-4 kg and head circumference 34 cm. Fetal move- 
ments had been normal, but twitching of the left 
eyelid was observed within a few hours of delivery 
and major fits were first recognised on the 2nd day. 
They continued thereafter daily with a frequency 
which seemed to vary little with conventional 
anticonvulsants. 

When investigated at 0-25 year, the child was 
socially responsive, but generally hypotonic, with a 
head circumference of 36 cm. An EEG showed a 
marked abnormality over the right frontocentral 
region with frequent focal discharges. Pyridoxol, 
300 mg, was given by mouth daily in addition to 
phenobarbitone and phenytoin, but a repeat EEG 
after 4 days was, if anything, worse than the first, 
with multifocal discharges. Fit control remained 
poor in spite of increasing the pyridoxol dosage to 
600 mg daily, although there was an impression of 
transient improvement in fit frequency for 24 hours. 
When reinvestigated at 2 years, she was severely 
subnormal and generally hypotonic. Major fits with 
predominantly left-sided involvement continued 
several times daily and head circumference was 
below the 3rd centile. 


Methods 


Plasma pyridoxal phosphate (PALP) was measured 
by the method of Chabner and Livingstone (1970). 
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4-Pyridoxic acid (4-PA) was measured in urine by 
the method of Reddy et al. (1958) as modified by 
Storvick et al. (1954). After urinary pyridoxol (POL) 
and pyridoxal (PAL) had been separated from 
4-PA by the ion-exchange technique of Storvick ef al. 
(1964), POL and PAL were measured fluorimetric- 
ally using the procedures described by Storvick ef 
al. (1964) and Bonavita (1960) respectively. 


Administration of pyridoxol. Pyridoxol hydro- 
chloride in a dosage of 5 mg/kg was dissolved in 
fruit juice or milk and taken orally at breakfast by 
adults and older children, or administered with the 
morning feed to infants. 


Collection of blood and urine. Capillary blood (1-2 
ml) was collected by heel or finger prick (for timing, 
see individual investigations) into tubes containing 
EDTA as anticoagulant. The tubes were wrapped in 
metal foil to exclude light and placed on ice until 
they were transferred to the laboratory where the 
plasma was promptly separated in a refrigerated 
centrifuge and stored in a liquid nitrogen refrigerator 
(—70°C) until analysed within 2 weeks of collection. 
Urine was collected for 7 to 8 hours from the time 
pyridoxol was administered. Timing was approxi- 
mate as no child was catheterised. Specimens were 
preserved with 1 to 2 drops 10% (w/v) thiomersal, 
protected from light and stored at —20°C until 
analysed. 

Preliminary studies had shown that the excretion 
of the major metabolite (4-PA) occurred maximally 
3 to 5 hours after the ingestion of pyridoxol and 
this was followed by a sharp decline so that only 2 
to 3% of the administered vitamin was excreted as 
4-PA between the 7th and 8th hours. The excretion 
of POL occurred maximally within 2 hours of its 
ingestion and the amount excreted between the 7th 
and 8th hour was of the order of 0-5°%. Urine was 
therefore not collected 8 hours after administration 
of pyridoxol. Urinary excretions of POL and its 
metabolites in 8 hours were expressed as percentages 
(molar) of the pyridoxol hydrochloride ingested. 


Table 1 Urinary excretion of pyridoxol and metabolites (as 
and by adults (mean + I SD) and Cases 1—4 
Group Subjects No. Age (years) 
Children 
A Sick 11 2 (mean) 
B Healthy 11 6-5 (mean) 
C Adults 11 30 (mean) 
Vitamin B6-responsive patients 
Case 1 1-66 
2 0-83 
3 1-25 
Case 4 0-33 


Investigations and results 


Urinary excretion of pyridoxol and its metabolites 
after oral pyridoxol was studied in groups A, B, and 
C, and in the 4 patients. Three of the patients (Cases 
1, 2, and 3) had been prescribed large amounts of 
the vitamin daily from early infancy, but had 
received none for a period of 16 to 24 hours before 
the test as the last dose of the previous day was 
omitted. Urine voided immediately before the test 
contained amounts of 4-PA, PAL, and POL which 
were not significantly different from those in base- 
line specimens of the control subjects. 

Results are given in Table 1. Healthy adults and 
children gave similar results. Children in group A 
had a reduced excretion of POL and an increased 
excretion of PAL compared with those in group B, 
but their mean age was only 2 compared with 61 
years for healthy children. However, it is conceivable 
that these differences in the metabolism of vitamin 
B6 related to their general clinical condition. Of the 
4 patients, the excretion of POL in 3 (Cases 1, 2, and 
4) was greater than the mean for groups A, B, and 
C by more than 3 SDs. The excretion of the meta- 
bolites 4-PA and PAL was not significantly different 
from the values observed for any of the control 
groups. 

PALP was measured immediately before (fasting), 
and 1, 2, and 4 hours after the ingestion of the 
pyridoxol load. The levels attained at these times in 
14 healthy adults and in 8 children are shown in 
Table 2. À mean 10-fold increase was observed 
within 4 hours of the ingestion of the vitamin. In 
each individual the plasma PALP concentration was 
greater at 4 hours than at 2. 

To assess how long the increase in plasma PALP 
persisted, 6 adults were tested 24 hours after the 
load, and in each case the plasma PALP concen- 
tration was greater than that observed at 4 hours. At 
48 hours all subjects had a PALP concentration 
which was less than the 4-hour value (Table 3). 
Three children were studied from group A. Levels 
were declining by 24 hours. 


o 


°” of ingested pyridoxol) by sick and healthy children 


4-Pyridoxic acid Pyridoxal Pyridoxol 

22-1+6-4 4-7+2-6* 7-942-8f 
28.5--6.0 2-2+0-6 13-1+2-7 
31-1+3-5 2-0+0:5 12-3+1-9 
11-5 2-2 27-0 

21-6 4-8 21-2 

14.1 1-6 13-5 

32.5 Not done 27-2 


Compared with group B: *significant at 0-01 level; {significant at 0-001 level. 
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Table 2 Plasma pyridoxal phosphate (nmol/l) after administration of pyridoxol HCl (5 mg/kg) to sick children 
and adults 





Group Fasting Plasma pyridoxal phosphate (mean + SD) 

1 hour 2 hours 4 hours 
A. Sick children* 584-21 344 4-111 421 4-125 544 4-145 
C Adultst 502-13 317 +92 417 4-126 563 4- 141 





*5 boys, 3 girls; age 0-25-5 years; 19 men, 5 women; age 20-42 years. 


Table 3 Plasma pyridoxal phosphate (nmol/l) after administration of pyridoxol HCl (5 mg/kg) to sick children 
and adults 








Group Subjects Plasma pyridoxal phosphate 
4 hours 24 hours 48 hours 
A Sick children (n= 3) 
1-08 years 498 291 
1-33 j 660 489 
123 4 356 227 
C Adults (n — 6) 
336 490 332 
567 761 462 
" 275 386 154 
826 1000 271 
291 595 215 
235 263 109 
2000 
1500 


Patients gi Case | (age 1-66 years) 

[] Case 2 (age 0-83 year) 

O Case 3 (age 1-25 years) 

@ Case 4 (age 0-33 year) 
Control children group A (mean + 2SD) I-- -ĮI 
(n = 8, mean age 2 years). 


S 


Fig. 1 Plasma pyridoxal phosphate 
(nmol/l) fasting, and 1, 2, and 4 hours 
after administration of pyridoxol 
HC! orally (5 mg/kg). 


Plasma pyridoxal phosphate (nmol/l) 





1 2 
Time after pyridoxol load (hours) 
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The vitamin B6-responsive patients (Cases 1-3) 
and Case 4 exhibited an entirely different response 
to the pyridoxol load. The changes in PALP con- 
centrations during the 4-hour period are shown in 
Fig. 1. There was a rapid increase in PALP within 
the first hour, and during the next 3 hours the 
concentrations decreased. Cases 1 to 3 had been 
receiving pyridoxol therapeutically and their plasma 
specimens immediately before the oral load con- 
tained large amounts of PALP. 

To assess whether the abnormal responses to the 
load reflected a ‘saturation’ phenomenon caused by 
the administration of large amounts of pyridoxol 
for many months, two normal adults were given the 
oral load after receiving 30 mg pyridoxol daily 
for 10 days. During the 4-hour period (Fig. 2), 
plasma PALP levels increased in spite of the high 
baseline values which were similar to those found 
in the patients. In addition, Case 4 who had not 
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received pyridoxol for therapeutic purposes immedi- 
ately before the load, showed the same abnormal 
response in plasma PALP levels as the other 3 
patients. Her concentration of fasting plasma 
PALP was 4 nmol/l which was less than the mean 
for the control children by more than 2 SDs. 
Particularly apparent in this patient (Fig. 1) is the 
anomalous increase in PALP during the first hour 
after the oral load. 

Cases 1 to 4 were further investigated when 3 
of the patients were 1-03 years older and the 4th 
(Case 1) 1-67 years older. The results are shown in 
Table 4 and Fig. 3. On this occasion the response to 
the pyridoxol load was normal, although Case 4 
who, as previously, was not receiving additional 
pyridoxol at the time of admission, had a low 
fasting plasma PALP (8 nmol/l). In this patient 
also, the plasma PALP at 1, 2, and 4 hours remained 
2 SDs below the mean for the controls, although the 
levels did continue to rise. 


Fig. 2 Plasma pyridoxal phosphate 
(nmol/l) fasting, and 1, 2, and 4 hours 
after administration of pyridoxol 

HCl orally (5 mg/kg) in 2 normal 
adults who had received pyridoxol HCI 
(30 mg) daily for 10 days. 


Table 4 Urinary excretion of pyridoxol and metabolites (as °% of ingested pyridoxol HCl) by control subjects and 


Cases 1-4 (mean + 1 SD) 


Group Subjects No. Age (years) 
A Sick children 11 2 (mean) 
Vitamin B6-responsive patients 
Case | 2-69 
2 1-86 
3 2-28 
Case 4 2-00 


4-Pyridoxic acid Pyridoxal Pyridoxol 
22-1+6-4 4-712-6 7-94+2-8 
27-0 3-0 7.6 
33.8 3.1 8-8 
15-9 3.1 9.0 
14-6 2-0 12-0 
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Discussion 


Cases 1 to 3 clearly show vitamin B6-dependency, 
the clinical responses to administration and with- 
drawal of the vitamin being particularly striking. In 
2 of them, there was also a history of fetal fits in 
utero. The evidence on clinical grounds for B6- 
dependency in Case 4 is absent, but the apparent 
failure of the vitamin could be caused by delay in 
treatment started only at 3 months. In this case, 
damage could have occurred so that epileptic foci 
were well established and active, even though B6 
was adequately supplemented later. Case 4 shared 
with Cases 1 to 3 certain biochemical features. 

There is general agreement that the major route of 
synthesis for PALP proceeds according to the 
sequence (1) POL—-pyridoxol phosphate (POLP)—- 
PALP and to a much lesser extent synthesis can take 
place via (2) POL—PAL-—-PALP (Johansson et al., 
1968, 1974; Colombini and McCoy, 1970; Tiselius, 
1973). In man 4-PA is the main urinary excretion 
product of vitamin B6 metabolism (Rabinowitz and 
Snell, 1949). 4-PA is formed by the action of an 
aldehyde oxidase on PAL. The latter is not only 
formed by reaction sequence (2) but also by the 
action of phosphatase on PALP. 

There is evidence to suggest that the constant 
supply of cofactor PALP required for metabolic 
purposes would not be adequately met by the 
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infrequent ingestion of dietary vitamin, but would 
be more effectively provided from a storage pool 
(Johansson et al., 1966). Moreover, it appears that 
the brain with its large metabolic requirement for 
the cofactor is supplied by an extracerebral storage 
compartment (Colombini and McCoy, 1970: 
Tiselius, 1973). Transport from such a site would 
require that the vitamin was in a metabolically 
inert form. It is likely that plasma albumin, which 
possesses a binding site with strict steric require- 
ments and a strong affinity for PALP, could fulfil 
this role (Dempsey and Christensen, 1962; Anderson 
et al., 1971). Hepatocyte membranes seem to be 
unique in possessing a mechanism for the transport 
of PALP out of the cell, possibly already bound to 
newly synthesised albumin (Lumeng et al., 1974). 
The PALP-albumin complex is slowly hydrolysed 
by the phosphatase of plasma membranes releasing 
PAL which, because it does not bind to protein, 
would be readily absorbed and rephosphorylated 
intracellularly. 

In the present investigations, the magnitude of 
the initial rise and the subsequent fall in plasma 
PALP concentrations, suggest that the vitamin B6- 
responsive patients were able to synthesise PALP 
normally, but were unable to maintain the prolonged 
high levels normally found in plasma after pyridoxol 
loading. Such findings might be explained by an 
instability of the PALP-albumin complex or, 
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alternatively, by a greatly increased phosphatase 
activity. The latter explanation seems less likely in 
view of the normal 4-PA excretion by the patients. 

In the presence of high substrate concentration 
(POL), as might be expected to occur in hepatocytes 
after POL loading, an abnormal binding of PALP to 
albumin might be expected progressively to reduce 
the rate of POLP oxidation, since pyridoxine kinase 
activity is subject to product (PALP) inhibition 
(Wada and Snell, 1961). POL and POLP would 
accumulate, and as the latter is not protein-bound, 
it would be susceptible to hydrolysis by phosphatase. 
This would result in an increased urinary excretion 
of POL. Three of the 4 patients investigated were 
found to have significantly raised urinary excretions 
of POL after oral loading. 

The normal outcome of tests—such as tryptophan 
loading and erythrocyte aminotransferase activity— 
which assess the metabolic availability of PALP, 
have been largely responsible for emphasis being 
placed on a specific abnormality of cerebral meta- 
bolism as the most likely cause of vitamin B6 
responsive convulsions in early infancy. The 
proposed abnormality of albumin binding of PALP 
in this disorder is not incompatible with such 
normal findings. It has been demonstrated that these 
patients do not lack the ability to phosphorylate 
POL, and therefore, PALP would be available for 
binding to the cofactor sites of hepatocyte and 
erythrocyte enzymes. A greater metabolic significance 
of the proposed defect is predicted for an organ such 
as brain, which possesses a moderate blood-brain 
barrier for the vitamin, and for which there is 
experimental evidence to suggest that an extra- 
cerebral compartment is involved in maintaining a 
constant supply of PALP in that tissue. 

The definite abnormal response to oral POL 
loading when Cases 1-4 were first investigated, and 
the normal results when they were retested more than 
one year later, are difficult to reconcile with the 
notion of a primary inborn error of metabolism, and 
also with the patients’ continuing requirements for 
large amounts of POL in their clinical management. 
Scriver and Cullen (1965) first pointed out that an 
age-related factor might be responsible for modifying 
a previously-described abnormal excretion of 
vitamin B6 metabolites in this condition. However, 
direct comparison between the results of the present 
and previous investigations (Coursin, 1960; Scriver, 
1960) is not possible because, apart from 4-PA 
excretion, different parameters of vitamin B6 
metabolism were studied. 

The evidence for an inborn error of glutamic acid 
metabolism in this disorder of early infancy is open 
to criticism. One patient has been reported to have 
had negligible activity of glutamic acid decarboxylase 


activity when measured in renal biopsy material 
(Yoshida et al., 1971) However, remarkable 
differences in activity between kidney and brain 
decarboxylases have been demonstrated (Haber ef 
al., 1970). It is, therefore, apparent that studies on 
the brain enzyme are essential to determine whether 
or not a primary defect in its activity occurs in B6 
dependency. While it is recognised that much of the 
interpretation given to the results of the present 
investigation is purely speculative, in the absence of 
definitive evidence for abnormal glutamic acid 
metabolism in this condition, it is suggested that an 
alternative pathology is worthy of further investi- 
gation. 


We are grateful to the physicians and surgeons at 
The Hospital for Sick Children for permission to 
study their patients. Financial assistance was pro- 
vided by the Nuffield Foundation and by the Joint 
Research Board of the Hospitals for Sick Children 
and the Institute of Child Health. 
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X-linked ichthyosis 


A sulphatase deficiency 
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From the Departments of Neonatology, Obstetrics, Dermatology, and Pathology, University of Amsterdam, 


Wilhelmina Gasthuis, Amsterdam, The Netherlands 


SUMMARY In 3 pregnant women oestrogen excretion in the urine was very low. The pregnancies 
were otherwise uncomplicated and the 3 infants, boys, were normal at birth, but later developed 
ichthyosis of the X-linked inherited type. Histochemically, the placenta in each case showed 
deficiency in arylsulphatase-type C activity. In all three children the skin showed the same enzyme 
deficiency. In the skin of 9 other unrelated (adult) patients with proved X-linked inherited ichthyosis 
vulgaris, arylsulphatase C activity was deficient. Skin from 5 normal adults and 5 normal children 
showed arylsulphatase C activity to be present. It is concluded that a sulphatase deficiency is a 
factor in the causation of ichthyosis of the X-linked inherited type. 


A very low oestriol level in the urine of a pregnant 
woman may have a variety of causes; severe 
intrauterine growth retardation, fetal death, iatro- 
genic effects (antibiotics and other drugs), fetal 
adrenal hypoplasia, anencephaly, fetal hepatitis, or 
placental sulphatase deficiency. 16 cases of placental 
sulphatase deficiency have been described, all 
reportedly in normal healthy boys. The sulphatase 
deficiency is the result of an X-linked recessive gene 
(France and Liggins, 1969; Cedard et al., 1971; 
Fliegner et al., 1972; Oakey et al., 1974; Tabei and 
Heinrichs, 1976). 

We describe 3 children with placental sulphatase 
deficiency. The children were normal at birth, and 
developed ichthyosis of the X-linked type at 2-8 
months. This association has not previously been 
reported. 


Case reports 


Case 1. In 1970 a healthy 23-year-old primipara 
gave birth to a slightly dysmature girl who sub- 
sequently developed normally. In the 33rd week of 
her second pregnancy in 1974, the urine oestrogen 
levels were estimated because of suspected intra- 
uterine growth retardation. Total oestrogen ex- 
cretion was 10 wmol/24h (2-7 ng/24h) (range 
32-179 umol/24h; 8:7-48:7 ng/24h; mean 115 
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umol/24h; 31:3 ng/24h). Pregnanediol excretion 
was 72 umol/24h (23 mg/24h) (range 75-213 
umol/24h; 24-68 mg/24h; mean 144 wmol/24h; 
46 mg/24h). At 39$ weeks a healthy boy was born, 
weighing 2700 g. Placenta weight 350 g. The baby 
was screened after birth for abnormalities of 
adrenal function. Blocd sugar and electrolytes: 
normal, 17-oxosteroids: normal. Cortisol on day 3: 
0:60 umol/I (21-7 ug/100 ml). At 3 months the baby 
was found to have ichthyosis, with sparing of the 
bodyfolds. It was learned that the mother's brother 
suffered from the same condition; the mother 
herself had no such symptoms. The clinical appear- 
ances and family history made the diagnosis of 
X-linked type of ichthyosis vulgaris probable. The 
early onset supported this diagnosis as the dominant 
type of ichthyosis vulgaris develops at a later age. 


Case 2. In 1971 a healthy 28-year-old primipara 
gave birth at 42 weeks to a boy weighing 4500 g; 
he remains normal and has no skin disease. A girl 
with multiple congenital malformations was born in 
1973; she died within 24 hours. In 1975 the mother 
had her third pregnancy; at 36 weeks an extremely 
low urine total oestrogen was recorded, 14-20 
umol/24h (3-8—-5-4 ng/24h). Pregnanediol excretion: 
74-125 umol/24h (23-7-40 mg/24h). Induction of 
labour at 40 weeks with oxytocin failed. At 42 weeks 
a caesarean section was performed for fetal distress, 
and a normal boy delivered, birthweight 3320 g. 
Placenta weight 600 g. Tests of his adrenal function 
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proved normal. Blood sugar, electrolytes, and 17- 
ketosteroids: normal. Cortisol excretion, 0:59 
umol/l (213 ug/100ml) on day 2. After 2 months he 
developed ichthyosis vulgaris, which, on the same 
grounds as Case 1, was classified as the X-linked 
type; the mother, herself free of symptoms, had a 
brother suffering from ichthyosis vulgaris (Fig. 1). 


Case 3. At 34 weeks of pregnancy the urine total 
oestrogen was measured in a 24-year-old primipara 
because of signs of toxaemia, and proved to be 
extremely low: 14 umol/24h (3:8 ng/24h). At 39 
weeks a boy was delivered by forceps on account of 
fetal distress, with meconium staining. Birthweight 
2740 g. Placenta weight 480 g. The baby was normal 
except for signs of mild dysmaturity. When he was 
9 months old, ichthyosis became conspicuous on 
both legs with sparing of the popliteal fossae (Fig. 
2). The scales were brown as seen in X-linked 
ichthyosis vulgaris, but the trunk showed only a 
slight whitish scaling. The mother had first noticed 
this condition when the child was 6 months old. 
X-linked type of ichthyosis vulgaris was probable, 
but because of the unusual distribution and the 
absence of other affected relatives the diagnosis was 
less certain than in Cases 1 and 2. 


All three children remain in good health. The 
skin disease is varying in severity, but is easily 
controlled with simple ointments. 


Enzyme studies 
Antenatal diagnosis of placental  sulphatase- 


deficiency was performed with a tolerance test. 
100 mg dehydroepiandrosteronesulphate in 30 ml 





Case 2, age 2 months. 





Fig. 2 Case 3, age 
8 months. 


0:65 7; NaCl was administered intravenously to the 
mothers of Cases 2 and 3; there was no rise in 
urine total oestrogen. In the mother of Case 3 the 
effect of giving the unconjugated dehydroepiandro- 
sterone was also studied and this resulted in a rise 
in urine total oestrogen as expected (to be published). 

Like France et al. (1973) we found an arylsulpha- 
tase-type C deficiency in placental tissue but, while 
they used a biochemical method, we used a histo- 
chemical method based on the work of Koudstaal 
(1975). Arylsulphatase C was not demonstrable 
histochemically in the trophoblast cells of the 3 
placentae, whereas 14 control placentae of varying 
degrees of maturity did show cytoplasmic reactivity 
(Figs 3a, b) (JObsis et al., 1976). A series of enzymes 
was also tested for histochemical activity, including 
3 B-hydroxysteroid dehydrogenase and the lysomal 
arylsulphatase A and B; all showed a normal 
cytoplasmic reaction in the trophoblast cells of the 
3 placentae. 

In the skin of the 3 children the same selective 
arylsulphatase C deficiency was found in the 
granular layer where the enzyme is normally found 
(Figs 4a, b). The skin of 5 children of the same age 
and of 5 adults served as controls. In the skin of 9 
adolescent or adult patients with unmistakable 
X-linked ichthyosis vulgaris, arylsulphatase C 
activity was absent. 


Discussion 


Placental sulphatase deficiency is rare, about 
1 : 5000 (Oakey et al., 1974) as is X-linked ichthyosis, 
about 1 : 6000 in the United Kingdom (Wells and 
Kerr, 1966). A chance association of the two con- 
ditions in our 3 cases is therefore unlikely. 

It is of interest that no skin disorder was noted in 
any of the other 16 reported cases of placental 
sulphatase deficiency. This may in part be due to the 
rather late onset of the ichthyosis, which moreover 
fluctuates and may, if mild, be easily overlooked. 
It is also noteworthy that most of the earlier 16 
cases have come from hot and sunny parts of the 
world, where X-linked ichthyosis is known to be less 
severe. 

France ef al. (1973) showed by biochemical 
methods that both steroid-sulphatase and aryl- 
sulphatase C were deficient in placentae with an 
inability to desulphatise. Shapiro and Weiss (1977) 
mentioned the deficiency of steroid-sulphatase in 
the fibroblasts of a patient with the same enzyme 
deficiency in his placenta. It is not yet clear according 
to France ef al. (1973) whether we are dealing with 
a group of specific enzymes not functioning properly, 
or with a single nonspecific enzvme. But since 
steroid-sulphatase and arylsulphatase C are not the 
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same enzyme (France ef al., 1973) it seems more 
probable that several related enzymes are not 
functioning properly. 

The two conditions are perhaps closely located on 
the X chromosome. If so, there may exist patients 
with only one of the two illnesses—e.g. normal 
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Fig. 3 Placenta of Case 3 (a) compared with that of 
a normal control (b) of similar maturity. Histochemical 
test for arylsulphatase C performed concurrently 

and with identical technique. Trophoblast shown clearly 
in control, but is unstained in the placenta of Case 3. 

x I40. 
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Fig. 4 Skin of Case 3 at 2 months (a) compared with that 
of a normal control (b). Histochemical technique as 

in Fig. 3. The granular layer of the patient's epidermis 
fails to stain, compared with control. (In (a) there is 

also nonspecific perinuclear oedema in the epidermis, 

but the interposition of a semipermeable membrane 
between section and medium precludes sharper 

defirition here as in Fig. 3). X 140. 


oestriol excretion during pregnancy and a boy with 
X-linked ichthyosis, or the converse, abnormal 
excretion of oestriol owing to placenta! sulphatase 
deficiency and a boy with normal skin. The last 
might be represented among the 16 cases in which 
no skin disorder was mentioned. 


Our 9 adult or adolescent patients with X-linked 
ichthyosis vulgaris were also negative for arylsul- 
phatase C activity in skin. This suggests at least a 
firm linkage between the skin disorder and this 
histochemical phenomenon. They were born, how- 
ever, many years ago when the desulphatising 
capacity of placentae was unstudied. 
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Hazards to children in traffic 


A paediatrician looks at road accidents 


R. H. JACKSON 


From the Royal Victoria Infirmary, Newcastle upon Tyne 


SUMMARY 


An overall view is presented of the hazards to children in traffic. The importance of 


the developmental aspects of childhood accidents is stressed, and a plea is made for doctors 
working with children to recognise the part they could play in reducing the number of road accidents 
to children by their understanding cf child development and behaviour. It is an aspect of preventive 


paediatrics that is largely neglected at present. 


Whether they are measured in terms of mortality or 
morbidity, accidents are one of the most important 
problems of child health today. The facts are clear 
and incontrovertible: they are the commonest single 
cause of death between ages 1 and 15, account for 
one-fifth of all hospital admissions in that age group, 
result in about one-third of all attendances at 
accident and emergency departments, and bring one 
in 6 of all the children in our cities to their local 
accident and emergency department in any single 
year. Yet doctors, whether they are working in the 
fields of primary care, community medicine, or 
hospital-based paediatrics, take little notice of 
accidents, and I believe those who deal with children 
could do more in the preventive field than is being 
done at present. Because of the large energy forces 
in a moving vehicle, road accidents cause the greatest 
problem in terms of the severity of injuries, and this 
paper aims to give an account of :he problem in 
terms of mortality and morbidity, and then to 
analyse the factors from the viewpoints of child 
growth, development, and behaviour. 


Statistics 


Mortality. Table 1 shows the total number of deaths 
and the proportion of accidental deaths in 3 different 
age groups during 4 separate years. In the last few 
years the total number of deaths from all causes and 
from accidental deaths has fallen in the younger 
age groups, but in the 10-14 group the total number 
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Table 1 
and years 


Total and accidental deaths by age groups 


Age group Deaths 1951 1966 1971 1974 
1-4 Total 4133 2662 2204 1922 
Accident 583 605 617 447 

(5 14-1 22-7 27-9 22.25 
5-9 Total 1771 1320 1484 1225 
Accident 565 473 552 442 
(a) 31-9 33-1 37-2 36.1 
10-14 Total 1328 1186 1109 1091 
Accident 323 364 439 468 
(5) 24-3 30-7 39-5 42.8 





From The Registrar General. 


and proportion of deaths caused by accidents has 
risen. The decrease in the proportion of accidental 
deaths in the 1—4 age group is associated with more 
accurate certification of the cause of death: certain 
children previously categorised as dying from 
suffocation, etc. are now more properly included in 
the sudden infant death syndrome. 

In a similar way the proportion of deaths caused 
by road accidents has risen slightly in the last few 
years, although the total number has fallen, as has 
the death rate per 100 000 population (Table 2). 

This reduction in total numbers should not make 
us complacent. In the 7 years, 1968-74, 5354 
children were killed on the roads: 3756 as pedestrians, 
745 as passengers, and 710 as cyclists. Not all these 
deaths were due to actual collisions, but children 
knocked down by cars accounted for 3675 out of 
the 3756 pedestrians, collisions between vehicles for 
545 out of the 745 passenger deaths, and vehicles 
hitting cyclists for 634 out of the 710 cycle deaths. 
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Table 2 Total deaths from accidents, and road 
accident deaths by years, in children 








1967 1976 
Total no, 
Of accident deaths 2194 1306 
Of road accident deaths 812 557 
Percentage of accidental deaths 37 42 
due to road accidents 
Road accident deaths/100 000 population 7-25 5-0 


From Office of Population Censuses and Surveys, 1977. 


The suggestion of improvement in the figures is 
most pronounced in the younger age group, the 
numbers of deaths in the 10-14 age group remaining 
virtually unchanged. The 10-year totals show that 
1185 children were killed in the age group 0-4, 
1861 in the 5-9, and 1384 in the 10-14 age group. 
As may be expected, more boys than girls are 
killed—for example in 1976, 365 boys were killed 
compared with 189 girls. Figures issued recently 
from the Office of Population Censuses and Surveys 
haye again drawn attention to the striking social 
class differentiation both in accidental deaths from 
all causes and road accident deaths (Table 3). 


Morbidity. Mortality figures are of course accurate, 
but morbidity figures for the total number of 
children injured on the roads must be interpreted in 
the light of the means used to obtain them. They are, 
in fact, obtained from the police, who make out a 
report (Stats. 19) on road accidents that come to 
their notice: the constable filling in the form esti- 
mates the degree of severity. This has two drawbacks: 
firstly, the police can only report on those accidents 
of which they are informed—a child who fractures 
his skull after coming off his bicycle when he hits a 
stone might well not come to their notice at all— 
and, secondly, the constable's estimate of severity 
may well be inaccurate. 

Figures published by the Department of the 
Environment (Table 4) show that in 1976 over 11 000 
children were seriously injured, nearly 7000 as 
pedestrians, and nearly 40 000 were slightly injured, 
just over half as pedestrians. 

The validity of these data is particularly question- 
able when they relate to bicycle accidents. In a 


Table 3 Death rates (per 100 000 population) by social 
class in age groups, 1959-63 








Age group Accident Social class 
deaths —— 
I I] III IV V 
1-4 Total 9.5 12-77 16-87 24-00 44-86 
Road 2-85 3-87 7-35 9-25 15-80 
5-9 Total 6.28 9.73 12-68 16.10 28-90 
Road 3-61 5-23 7-00 8-08 14-76 
10-14 Total 7-36 8.09 9.70 11-23 15-50 
Road 2.91 4-03 5.12 5.35 7-30 


From Office of Population Censuses and Surveys, 1976. 


Table 4 Statistics on road accidents to children in 
England and Wales 1976 











Killed Seriously Slightly 
injured injured 
Pedestrians 405 7461 21072 
C yclists 102 2022 7937 
Passengers in vehicles 100 1759 10209 
Driver or passenger on 2 94 266 


motor bicycle, etc. 





From Royal Society for the Prevention of Accidents, 1978. 


study of all traffic accidents attending the Battle 
Hospital, Reading in the course of a year Grattan 
et al. (1976), from the Transport and Road Research 
Laboratory (TRRL), found that only 32°% of cycle 
accidents at all ages had been reported to the police, 
and even more significantly, Craft et al. (1973) in a 
study of 400 consecutive bicycle accidents to 
children in Newcastle, found that only 11% were 
known to the police. It is therefore difficult to know 
how much reliance to place on reports, such as 
leaflet 395 (Transport and Road Research Labora- 
tory, 1974b), which reports a study of pedestrian 
and cycle accidents to schoolchildren in 6 towns 
(total population about 784 000) collected over 2 
years, during which time only 417 bicycle accidents 
were reported. In contrast, the 400 cases of Craft 
et al. (1973) were collected in the space of a few 
weeks from accident and emergency departments. 

Havard (1974) drew attention to this problem of 
data collection for pedestrian accidents. In his paper 
he stated, *The first comment to be made is that the 
epidemiological information on child pedestrian 
accidents is very inadequate in relation to the size of 
the problem. . . . The question must therefore be 
asked if the public health authorities are assigning 
the right priorities to childhood accidents, having 
regard to the fact that children are far more liable 
to be killed or disabled by accidents, and especially 
road traffic accidents, than by any other cause’. It 
would seem that the best place to collect such data is 
at the accident and emergency (A and E) department 
of the local hospital: there are not likely to be many 
road accidents of any degree of severity which do 
not come either directly to that department or in- 
directly via the family doctor. This has been receiving 
attention, and to try to bring greater concordance 
between police and hospital statistics, revised 
instructions have been issued (Department of 
Transport, 1977). In due course more reliable 
figures may therefore become available. 


The child 


However, figures themselves do not tell us every- 
thing about accidents. Road accidents, like other 


accidents, can be looked at from 3 different aspects: 
the child himself, the ‘agent’ causing the accident— 
the car, bus, bicycle, etc., and the circumstances 
surrounding the accident. There is increasing 
recognition cf the interaction between children's 
development and their liability to have accidents, 
and I believe that it is in this field that doctors 
working with children could play a larger part, not 
only by increasing our knowledge of this interaction, 
but by making its importance much more widely 
known to others concerned with children— parents, 
health visitors, teachers, etc. 

As in so many matters relating to accidents 
Swedish workers have been prominent in this field. 
Sandels (1975) has gathered together her experience 
and her book Children in Traffic well repays study 
by paediatricians interested in child growth and 
development. Certain physical attributes of growth 
are important: a child's height may make it im- 
possible for him to see on-coming traffic from 
behind parked cars or other road-side obstructions, 
and I have seen accidents in which a significant 
factor has been the small child's inability to see 
traffic coming over the brow of a hill. Sandels 
has drawn attention to the difference between 6- 
year-old children and adults in localising sounds, 
e.g. a car horn, and to the child's limited visual 
perception. Most important of all is the difficulty 
the young child has in concentrating on two things at 
once, e.g. on traffic in the road and what his mother 
is saying to him, and in sequencing and co-ordinating 
the various sensory inputs he is receiving. Right-left 
discrimination is also limited, and it is not surprising 
that children find it difficult to understand that in 
crossing the road via a traffic island they have to 
look one way before doing the firs: part of the 
journey and the other way before they complete it. 
The mathematical complexities involved in crossing 
the road are considerable: one has to estimate 
accurately the varying speeds of traffic coming from 
two different directions—or more if it is a cross- 
roads—as well as one's own speed in moving from 
A to B in deciding whether you can reach B before 
the traffic reaches you. As Báckstróm (1977) said, 
"Traffic is the most complicated environment that a 
child can experience'. 

A further interesting study by Sandels (1975) and 
her coworkers has been into children's understanding 
of road signs and of words used in relation to traffic. 
Certain road signs, e.g. no parking, do not need to 
be understood by children, but others—such as 
pedestrian crossing or school crossing—are im- 
portant. Child cyclists too should know road signs 
such as, a one-way street. In Sandels's study, 20 
boys and 20 girls in each 6-month age group from 
4 to 7 were asked about their understanding of road 
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signs: in no age group did all the children under- 
stand even the best understood signs (pedestrian 
crossing and school) The pedestrian crossing 
sign had a variety of interpretations including, ‘It 
means it is forbidden to cross the street here', and 
'A warning that people must not walk along the 
middle of the street'. The children crossing sign— 
and it should be noted that the sign in this country 
shows children running across—was likewise var- 
iously interpreted, such as 'It is a place where cars 
can drive’, ‘You are only allowed to run’, and 
‘Children have to run across as fast as they can so 
that no cars will knock them down’. There were 
similar misunderstandings by children who were 
somewhat older when asked the meaning of such 
terms as ‘crossing’, ‘pedestrian’, ‘main road’, and 
even 10-year olds had difficulty in understanding 
‘keep to the left’ and ‘traffic island’. One important 
phrase that younger children could not understand 
was ‘to cross the road’. Examples of 6-year olds 
were, ‘You drive in a cross’, ‘You stand in the 
middle of the road when it is a crossing’, ‘Qne 
street crosses the other’, etc. 

This developmental aspect of children and their 
behaviour means that children have different 
accidents at different ages. Fig. 1 shows the sex 
differences in pedestrian and cycle accidents in 
terms of yearly numbers of fatal and serious casual- 
ties over 3 years. It shows that at age 7, boys are 
twice as likely to be involved as girls in these 
accidents, but the difficulty in interpreting this lies 
partly in the fact that the actual number of exposures 
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Fig. 1 Average yearly number of fatal and serious 
casualties during years 1973-75 ( Russam, 1977). 
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Fig. 2 Risk per road crossing for boys and girls aged 
5-10 years (Russam, 1977, after Howarth et al., 1974). 


to road crossings in children of this age is not 
known. The work of Howarth e: al. (1974) in this 
field (Fig. 2) using a variety of techniques involving 
close observation of children on their way to and 
from school, seems to indicate that boys at ages 
5, 6, and 7 have a much greater risk per road 
crossing than girls, but the risk falls rapidly and 
there is no significant difference between the two 
sexes by age 10. 

But it is not only the children themselves that we 
have to consider: we also have to consider adults’ 
expectations of their behaviour. An important 
studv was done by Sadler (1972) of mothers? 
expectations of their children's behaviour in traffic. 
The replies to the question, ‘At what age do you 
think it is safe to let your child cross a main road 
in safety' are revealing. Over half of mothers said 
it was safe to let their 5-year-old child cross the 


main road by himself, 10% of mothers of children 
aged 3, and 13% of mothers of children aged 2. 
A further study in Sweden (Sandels, 1977) looked 
at the characteristics of car drivers who have knocked 
children down: there is an over-representation of 
adolescent men without a family of their own, 
and in whom the knowledge of the behaviour to 
be expected of young children is clearly deficient. 

Perhaps more attention should be paid to educating 
adults about children in traffic. This is not to say 
that children do not need to be taught road safety, 
and the Green Cross Code and the books on road 
safety by Jolly (1977) from Reading University were 
published after considerable research into children's 
behaviour and educational abilities. Nevertheless, 
children's needs in traffic are still neglected, and I 
would agree with the statement of Sandels (1975) 
that, ‘It is impossible to adapt fully small children to 
the traffic environment. They are biologically 
incapable of managing its many demands. Children 
are unreliable in traffic until childhood has matured 
out of them. What we can do however is to adapt the 
traffic environment to the children. This would also 
mean that other risk groups would be protected, 
such as old people and the handicapped'. 


The agent 


In most cases the ‘agent’ in an accident is a car, and 
it must be borne in mind that children are injured 
as passengers as well as pedestrians. So far as the 
external design of cars is concerned, improvements 
have undoubtedly taken place by the removal of 
sharp or pointed edges on surfaces—e.g. by the 
prohibition of sharp-pointed mascots on radiators. 
The importance of bumper height relative to leg 
injuries has been stressed by Ashton ef al. (1974). 
Some work has been done on devices designed to 
retain a child on the bonnet of the car and thus to 
prevent the injuries caused by the secondary impact 
on the ground or by being run over (Lowne, 1974), 
but these are nowhere near practical application at 
present. 

More attention is now being paid to the safety of 
children travelling as passengers in cars. A good 
summary of the current situation was given by 
Lowne (1977). His figures show convincingly that 
the use of a proper car safety seat for young children, 
and a properly applied seat belt for older children, 
greatly reduces the chances of serious injury. A 
random survey showed that 12°% of children wear 
some sort of restraint in cars, but in 1973-74 out 
of a total of 2595 injured children, only 5% had 
been restrained. In a further study, 409; of children 
with no restraint had minor injuries and 8% had 
serious ones, compared with 20 and 4% of babies 


y 


in carry-cots, 12 and 1% in safety chairs, and 12 
and 5% in safety harnesses. However, the problem 
is to persuade people to use these obvious pre- 
cautions, and many children still stand in the front 
of cars with their noses glued to the windscreen. 
Perhaps this is not surprising in view of the re- 
luctance of so many car drivers to use a safety 
belt—and there is no doubt that doctors have a 
duty to set an example. A World Health Organisation 
booklet has an interesting comment to make: ‘Some 
Member States (of a European Conference) were 
prepared to spend large sums of money on counter- 
measures (such as fences on the central reservation 
of motorways) which saved only a few lives, whereas 
less expensive measures (such as the compulsory 
wearing of safety belts) which would save far more 
lives, had been rejected'. Perhaps something may 
happen: the European Conference of Ministers of 
Transport has considered ‘the prohibition of 
children whose age or size does not permit the use 
of the safety belt being transported in front seats' 
(World Health Organisation, 1977). 

Bicycles are obviously also an important ‘agent’ 
in an accident, and much evidence is beginning to 
accumulate in relationship to bicycle accidents. One 
of the questions that has been discussed frequently 
in the last 2 or 3 years is whether so-called high-rise 
bicycles of the ‘chopper’ type are unsafe compared 
with conventional bicycles. The essential difference 
lies in the wheel sizes, the wheel at the front being 
smaller than that at the back, and also certain other 
features relating to the handlebars and the size of 
the saddle. Craft et al. (1973) showed that accidents 
on this particular type of bicycle were more likely 
to result in head injuries and fractures and in 
admissions to hospital, than accidents on con- 
ventional bicycles with equal wheel sizes, and it 
seemed as if a significant proportion of these more 
serious accidents occurred when children had had 
the ‘chopper’ type bicycles for only a short time or 
even had borrowed them from friends. It seemed as 
if it was more difficult for children to accustom 
themselves to these bicycles when they had first 
managed the conventional bicycles, but in order to 
prove whether they were inherentlv more unsafe 
than conventional bicycles it would really be neces- 
sary to have 2 groups of children, (a) those who 
had learnt on a conventional bicycle and then 
changed to the 'chopper' type, and (b) those who 
had learnt on the chopper type and changed to a 
conventional bicycle. Unfortunately, it would be 
difficult to obtain a sufficiently large group of the 
latter type to make a study valid. There is, however, 
some evidence from theoretical studies done in the 
USA that bicycles of unequal wheel sizes are in- 
herently less stable than those of similar wheel 
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sizes. Part of the difficulty in resolving this question 
lies in the fact that some models most recently 
introduced in Britain have lost some of the features 
which it was felt were more likely to produce the 
increased number of accidents associated with their 
use. Bicycle riding is also associated with some 
recognisable injury patterns: the position of the 
gear change on the cross-bar in some types of 
bicycle has been associated with genital injuries as 
a result of the child coming forwards off the saddle, 
spoke injuries produce puncture wounds of the 
legs, handlebar injuries were associated with 207 of 
all bicycle accidents in a series reported by Thorson 
(1974), and torsion of the testis is associated with 
the use of racing-type saddles (Jackson and Craft, 
1978). 


Circumstances of the accident 


Many factors relating to road accidents in childhood 
are similar to those in all types of road accidents: 
the visibility, including street lighting, the road 
surface, the weather, state of vehicle maintenance, 
alcohol and other drugs affecting the driver, etc. 
Traffic engineering is vitally important in view of 
the fact that 70% of pedestrian casualties in 
residential areas are children (Transport and Road 
Research Laboratory, 1974a). Obviously complete 
separation of pedestrians from moving traffic isthe 
ideal, but this is expensive. Increased safety for 
pedestrians might well be assured by carefully 
designed residential precincts which although not 
excluding cars do not give them precedence. An 
example of this is the Woonerf precinct in Holland 
(Royal Dutch Touring Club, 1977). 

Perhaps more important to pedestrians are the 
emotional circumstances related to the accident. 
Increasing attention is now being paid to the child's 
state of mind at the time of an accident. Burton 
(1968) studied 20 injured children and found that 
mothers of injured children were more likely to be 
separated from their husbands and to have a 
physical or mental illness than the mothers of 20 
controls. In addition, half the children had ex- 
perienced a stressful event immediately before the 
accident—such as a death in the family. The 
children themselves were more restless and assertive 
than the controls. Backett and Johnston (1959), in 
a study of 101 injured children, showed an increase 
in illness in the mother or some other person in 
the household, or that there was maternal pre- 
occupation of some kind: the vulnerable family 
was more crowded and did not protect the child 
during play or even have elementary play facilities. 
Marcus and his colleagues (quoted by Brown and 
Davidson, 1978) suggest that a child's insecurity 
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and anxiety are increased by family disturbance, and 
that accidents occur more often to children who 
rely on action as a mechanism to cope with their 
anxiety. Departures from normal in physical develop- 
ment may also play a part: obviously blind, deaf, or 
handicapped children are at special risk of injury, 
although their exposure to risk is probably con- 
siderably below the average. Temporary hearing loss, 
such as that associated with a ‘glue ear’ can obviously 
be as detrimental to a child's safety on the roads as 
it can be to his ability to learn in school, and Elliott 
has drawn my attention to an association between 
head injuries and otitis media (W. D. Elliott, 1978, 
personal communication). The effects of departure 
from normal in terms of intelligence are less clear- 
cut, but as part of the 1000 family study in New- 
castle (Miller et al., 1974) we looked at school- 
children who had repeated accidents in their 
school years and compared them with accident- 
free children. There was no doubt that below 
average children had a greater liability to repeated 
accidents; it was also noted that children who 
lacked reliability, concentration, and initiative and 
who appeared to have less than average body 
control and co-ordination, appeared to be more 
liable to have accidents. 


What can be done? 


The importance of stressing the developmental and 
psychosocial factors in childhood accidents will be 
one of the main functions of the proposed Joint 
Committee on Childhood Accident Prevention 
which is being established under the wing of the 
Medical Commission on Accident Prevention, as 
suggested by Jackson and Wilkinson (1976) and 
supported by Court (1977). These aspects pervade 
almost all the events which form the logical sequence 
of an accident prevention programme. The Ist 
stage is the collection of satisfactory data—some 
wide and national in scope, but other more detailed 
‘in-depth’ types of studies are necessary too. The 
2nd stage is the analysis of these data in terms of the 
types and results of the accidents, the ages and per- 
sonalities of the people and families, and the overall 
circumstances. The 3rd stage is to identify what one 
might call ‘the principal avoidable factors’ in the 
chain of events culminating in the accident. The 
4th stage is the alteration of those factors—whether 
it be an accident ‘black-spot’, a particular feature 
on a bicycle or car, a misleading road sign, etc. The 
responsibility for this may well lie with local 
authorities, government departments, engineers, etc. 
The Sth, and possibly most difficult stage, is to alter 
people’s behaviour in accepting safety features and 
to improve their understanding and expectations of 


children’s behaviour. The last stage lies in the 
evaluation of the cost-effectiveness and cost benefit 
of these studies. This is far from easy: the intro- 
duction of the Green Cross Code and its attendant 
propaganda was followed by an 11% reduction in 
child casualties in the period immediately after its 
introduction, but Firth (1975) found that children 
between 6 and 12 place very little emphasis on 
safety and how it can be achieved. Research into 
cycling proficiency tests have shown different 
results: the TRRL found that a trained group 
showed definite and sustained improvement com- 
pared with a control group (Russam, 1977), but 
Risk and Raymond (1976) showed less obvious 
results. 

Improving adults' understanding of children's 
behaviour is surely a role in which the child health 
services could take a larger part. In discussing a 
Swedish campaign in which the year 1976-77 was 
designated as the year of children's safety in traffic, 
Sandels (1977) commented, 'In the end adults 
are always to blame for traffic accidents involving 
children. Working with traffic problems makes one 
aware of the fact that not only do adults overestimate 
children's limited ability to cope with traffic, but 
that adults themselves have very negative attitudes 
towards traffic, e.g. crossing the street against a red 
pedestrian light. This attitude is readily copied by 
children. We know that children from about 12 
years upwards possess the maturity and the know- 
ledge of how to behave in traffic, but they seem to 
lack the motivation to do so. We hope that this 
campaign will teach adults about children's limited 
ability to cope with traffic, and to make all adults— 
not only parents—take responsibility for the 
children they meet in traffic situations'. The situa- 
tion in Sweden is not significantly different from 
that in this country, and we would do well to take 
note of these comments. 
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Immunodeficiency associated with 
laevocardia, bronchiectasis, and 
paranasal sinus anomalies 


Several individuals with the triad of laevocardia 
(situs inversus with left-sided heart), bilateral 
bronchiectasis, and abnormalities of paranasal 
sinuses have been described (Chandra and Khetarpal, 
1963; Sharpe, 1963; Lee, 1965; Datta, 1968: 
Magalini, 1971). In such patients, the frequency of 
infections, particularly of the respiratory tract, is 
increased. We report the presence of immuno- 
deficiency in the first patient to be described with 
this syndrome (Chandra and Khetarpal, 1963). 


Case report 


Patient. A 7-year-old girl was brought to hospital 
with a history of repeated respiratory infections 
since early infancy. She had developed normally, 
and her weight and height were on the 25th and 
10th centiles respectively. The presence of the liver 
on the left side was noted with a gastric tympanitic 
note in the right hypochondrium. The apex beat 
was in the 5th intercostal space in the left mid- 
clavicular line. Heart sounds were normal and no 
murmur was heard. There was no cyanosis or club- 


Table Immunological data 


bing. X-ray and ECG confirmed the diagnosis of 
laevocardia (situs inversus with left-sided heart), 
bilateral bronchiectasis, maxillary sinusitis, and 
absence of frontal sinuses. The child was re-examined 
and a comprehensive immunological assessment was 
conducted at age 14 and again at 17 years. 


Methods. Serum concentrations of immunoglobulins, 
complement components C3 and C4, and «-l- 
antitrypsin were estimated by single radial diffusion 
in agar using commercial monospecific antisera 
(Boehringer). Delayed hypersensitivity was assessed 
by intracutaneous injection of 5 ubiquitous antigens: 
Candida, purified protein derivative (PPD), mumps, 
streptokinase-streptodornase, and trichophyton. An 
induration of 5 mm observed after 48 hours was 
considered to be a positive response. Lymphocyte 
proliferation and DNA synthesis was induced in 
vitro by the use of phytohaemagglutinin and assessed 
by the incorporation of ?H-thymidine. A stimulation 
index (ratio of counts/min in mitogen-containing 
culture to counts/min in unstimulated culture) was 
calculated. T-lymphocytes were identified by roset- 
ting with sheep red cells, and B-lymphocytes by the 
presence of surface immunoglobulin detected by 
immunofluorescence. Opsonisation and phagocytosis 
were assessed by the number of Staph. aureus 
ingested by 100 polymorphonuclear leucocytes 
(PMNs). Bactericidal capacity of PMNs was 
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Test 





Serum immunoglobulins (mg/100 ml) 
IgG 
IgA 
IgM 
Salivary IgA 
Reciprocal isohaemagglutinin titre 
Complement components (mg/100 ml) 





C4 
a-1-Antitrypsin (mg/100 ml) 
(g/1) 
Cutaneous delayed hypersensitivity to 
Caudida, PPD, trichophyton, mumps, streptokinase-streptodornase 


Lymphocyte stimulation index 
Total leucocyte count (per mm?) 
(x 109/1) 
T-lymphocytes (%) 
B-lymphocytes (°%) 
Plasma opsonic function (bacteria/100 PMNs) 
PMN phagocytic ability (bacteria/100 PMNs) 
PMN bactericidal capacity (% viable intracellular bacteria) 


ND =not done; PPD =purified protein derivative; PMN =polymorphonuclear leucocyte. 
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Patient Controls (range) 
At 14 years At 17 years 
410 575 880-1635 
Undetectable Undetectable 124-210 
76-156 
Undetectable Undetectable Present 
ND 8 8-128 
136 185 88-256 
39 28 25-44 
320 264 200—400 
3-2 2-64 2-0-4-0 


No reaction 


No reaction 


Present to 1 or 
more antigens 


6-8 17-5 36-287 
6860 7850 4000-11 000 
6-8 7.8 4-0-11-0 

ND 37 68-77 

ND 18 12-23 
436 595 410-796 
531 404 410-796 

6 3 14 


expressed as the proportion of viable intracellular 
bacteria after 2 hours of incubation. 


Results. The patient showed low levels of serum 
IgG and IgM, undetectable serum and salivary IgA, 
reduced proportion and number of circulating T- 
lymphocytes, and impaired in vitro lymphocyte 
stimulation response (Table). Delayed  hyper- 
sensitivity was not elicited to any of the 5 common 
recall antigens injected intradermally. Response to 
PPD was absent although the patient had received 
BCG vaccine in early childhood. The complement 
system, number of B-lymphocytes, opsonic activity 
of plasma, and PMN functions were normal. 


Discussion 


The patient showed impaired immunocompetence 
on 2 separate occasions. Hypoimmunoglobulinaemia 
in the presence of normal number of circulating 
B-cells points to the possible existence of other 
pathogenetic mechanisms known to underlie com- 
mon varied immunodeficiency—for example, re- 
duced number and activity of helper T-lymphocytes, 
increased number and activity of suppressor T- 
lymphocytes, and serum inhibitors (Chandra et al., 
1978). In our patient, the common systemic causes 
of immunodeficiency (energy-protein undernutrition, 
anaemia, sepsis, chronic infection, Hodgkin’s 
disease, malignancy, protein-losing enteropathy, 
nephrotic syndrome, immunosuppressive drugs, 
anticonvulsant therapy, irradiation, etc.) were 
excluded by history, physical examination, anthro- 
pometry, and appropriate laboratory tests. This, 
together with the demonstration twice of impaired 
immunocompetence, suggested that partial immuno- 
deficiency affecting the humoral and cell-mediated 
systems was a primary event and was a part of the 
syndrome of laevocardia, bronchiectasis, and para- 
nasal sinus abnormalities. The association of 
immunodeficiency and congenital malformations is 
recognised in several dysmorphic syndromes: 
short-limbed dwarfism, cartilage-hair hypoplasia, 
Kartagener’s syndrome, Down’s syndrome, and 
ataxia telengiectasia (Chandra, 1976). 


Summary 


In a case of laevocardia, bronchiectasis, and para- 
nasal sinus abnormalities, assessment on 2 occasions 
showed the presence of moderate immunodeficiency. 
Serum concentrations of IgG and IgM were low, 
and serum and salivary IgA was not detected. T- 
lymphocytes were reduced in number and cell- 
mediated immunity in vivo and in vitro was impaired. 
Opsonisation, complement system, and neutrophil 
functions were normal. 


Short reports 815 


References 


Chandra, R. K. (1976). Immunity disorders. In Textbook of 
Pediatrics, p. 204. Edited by L. S. Prasad and P. Robinson. 
Thompson Press: New Delhi. 

Chandra, R. K., Cooper, M. D., Hitzig, W. H., Rosen, F. S., 
Seligmann, M., Soothill, J. F., and Terry, R. J. (1978). 
Immunodeficiency. Technical Report Series. WHO: 
Geneva. 

Chandra, R. K., and Khetarpal, S. K. (1963). Levocardia 
with bronchiectasis and paranasal sinus abnormalities. 
Indian Journal of Pediatrics, 30, 78-80. 

Datta, P. (1968). Letter: Chandra’s syndrome. Lancet, 2, 
1350-1351. 

Lee, P. (1965). Letter: Chandra-Khetarpal syndrome. Lancet, 
1, 1398. 

Magalini, S. (1971). Dictionary of Medical Syndromes, p. 101. 
Lippincott: Philadelphia. 

Sharpe, M. V. (1963). Letter: Levocardia with bronchiectasis 
and paranasal sinus abnormalities. Lancet, 2, 42. 


R. K. CHANDRA 
Department of Paediatrics, All India Institute of 
Medical Sciences, New Delhi 


Correspondence to Professor R. K. Chandra, Janeway 
Child Health Centre, St John's, Newfoundland A1A IRS8, 
Canada. 


Spontaneous maturation of stage 
IV-S neuroblastoma 


It is recognised that a special category of disseminated 
neuroblastoma exists in which the prognosis is 
surprisingly favourable (D'Angio et al., 1971). 
Patients fitting this stage IV-S group are those who 
would otherwise be stage I or II but in whom the 
disease is confined to liver, skin, or bone-marrow 
and in whom there is no x-ray evidence of bone 
metastases on complete skeletal survey (Evans et al., 
1971). Evidence from several series has shown, 
particularly in patients presenting under age one year, 
that death is more likely to result from vigorous 
treatment than from the disease itself (Hassenbusch 
et al., 1976). The natural history would appear to be 
for the tumour and metastases either to regress 
completely or to *mature' into ganglioneuroma. A 
case is therefore presented in which treatment, both 
surgical and therapeutic, has been deliberately kept 
to a minimum and in which gradual maturation has 
Occurred. 


Case history 


A baby girl first presented to another hospital at age 
4 months with 1 cm subcutaneous nodule in the 
right scapular region. This was not excised until 8 
months by which time eight similar lesions were 
present on the trunk and limbs. She was otherwise 
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well but the lesion proved to be a metastasis from a 
malignant neuroblastoma (Fig. 1). Urogram and 
examination under anaesthesia showed there was 
a 5 x 7 cm mass above the right kidney extending 
almost to the midline. The liver was not enlarged 
and bone-marrow biopsy was normal. A skeletal 
survey was normal and urinary HMMA output 
much raised (76 wmol/24 h; 15-05 mg/24 h). 






Fig. 1 Subcutaneous metastatic nodule of neuroblastoma 
(child aged 8 months) showing intense perivascular 
lymphocytic infiltration around the vessel in the centre. 

x 180 H and E. 


No active treatment was planned and a period of 
careful observation was undertaken. Fresh skin lesions 
continued to appear as late as 16 months of age, but 
the patient remained well. Two lesions excised at 13 
months again showed metastatic neuroblastoma and 
she continued to excrete large amounts of HMMA 
in urine. At 19 months, however, many of her skin 
nodules were decreasing in size and further excised 
nodules this time showed maturation to ganglio- 
neuroblastoma and, in one nodule, to ganglio- 
neuroma. As with previous specimens, perivascular 
lymphocytic infiltration was prominent and immuno- 
logical studies showed an increased proportion of 
peripheral blood B-lymphocytes, and a blocking anti- 
body to the tumour in the serum. Serial urograms 
showed the size of the primary tumour to be static, 


but against these favourable signs was the fact that 
urinary HMMA levels remained high. 

At age 2-3 years she stopped gaining weight and 
was noticed for the first time to be hypertensive 
(160/100 mmHg). A urogram showed deteriorating 
function in the right kidney and it was felt desirable 
to perform a laparotomy. At operation the main 
mass of the tumour lay above the right kidney with 
no obvious normal adrenal gland present on that 
side. There was infiltration extending behind the 
major vessels and particularly around the right renal 
vessels causing their compression. Complete removal 
was clearly going to be hazardous so, to try to 
preserve renal function, the portion of the tumour 
around the renal vessels was removed as far as this 
was possible. Random areas of the tumour were 
biopsied and further skin nodules were also excised. 
Histologically the main tumour showed the appear- 
ances of a ganglioneuroma and the pattern of the 
neurofibrillary material and the presence of numerous 
foci of calcification was consistent with regression of a 
previous neuroblastoma. Once again there was a 
striking perivascular lymphocytic infiltration. One 
of the metastatic nodules however appeared to have 
‘lost’ its ganglion cells and was more characteristic 
of a neurofibroma while another showed the structure 
of a ganglioneurofibroma (Fig. 2). 
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Fig. 2 Subcutaneous nodule (child aged 2—3 years) 
showing neurofibromatous structure with occasional 
ganglion cells. x 250 H and E. 


Despite the operative intervention the child 
remained hypertensive and the function in the right 
kidney continued to deteriorate. HMMA output 
remains high but has shown a steady decline during 
the last year to near normal levels. A positive 
Saralasin infusion test (Streeton ef al., 1976) com- 
bined with increased plasma renin levels (>300 
pmol/1 per min) has shown her hypertension to be 
renal in origin. In view of the operative findings it was 
decided to treat the hypertension medically and she 
is now well controlled on a combination of pro- 
pranolol and phenoxybenzamine. Appetite and 
weight gain have returned to normal. 

It is now 2 years 10 months since the first skin 
nodule was noted. Another baby girl has been born 
to these parents and at 7 months shows no evidence 
of developing neuroblastoma. HMMA levels in this 
sibling and in both parents are normal. 


Discussion 


Despite the known favourable outlook in stage IV-S 
neuroblastoma, most reported cases have received 
some treatment. The purpose of this report has been 
to add information on the natural history of the 
condition. Three previous cases have been reported 
in which no treatment was given and the disease 
regressed spontaneously (Griffin and Bolande, 1969; 
Schwartz et al., 1974). As chemotherapy and radio- 
therapy have had little effect on the survival of 
children with stage IV neuroblastoma (Koop and 
Johnson, 1971) their use in stage IV-S cannot be 
justified as several deaths in this group can be 
directly attributed to their use (Griffin and Bolande, 
1969: Hassenbusch et al., 1976). Surgical removal of 
the primary tumour may be justified as late re- 
activation of disease can occur (Konrad et al., 1973) 
and, as in our case, adjacent structures may be 
damaged. It is also desirable to establish the cause of 
hypertension if this should develop: the obvious 
explanation is the raised catecholamine levels but, 
as our case demonstrates, renal hypertension may 
occur. The Saralasin infusion test, combined with 
peripheral venous plasma renin estimations, appears 
to be a reliable and relatively noninvasive method of 
making the distinction (Streeton et al., 1976). Major 
surgery involving risk to life would not seem 
justified. 


Summary 


A case of stage IV-S neuroblastoma is presented in 
which treatment has deliberately been kept to a 
minimum. Gradual maturation to ganglioneuroma 
has been documented and the patient's generally 
good progress has justified this approach. 
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Hypomagnesaemic hypocalcaemia 
with hypokalaemia caused by 
treatment with high dose gentamicin 


We report a case of hypomagnesaemic hypocal- 
caemia with hypokalaemia in a 12-year-old boy after 
prolonged treatment with gentamicin. 


Case report 


After a severe road traffic accident in April 1976 
the boy's injuries included a depressed skull fracture, 
a comminuted fracture of the left femur, a transverse 
fracture of the right femur, a fractured pelvis, and 
multiple lacerations. The frontal bone was raised 
and the crushed brain evacuated. The right femur 
was fixed internally after reduction of the fracture 
and a double hip spica was applied; he was then 
transferred from Libya to London. 

At operation the left femur was found to be 
soundly united; the right femur was ununited and 
inadequately fixed, with gross surrounding sepsis. 
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Swabs grew Proteus species sensitive only to 
gentamicin. He was immobilised on skin traction 
and given gentamicin 60 mg IM twice daily. The 
right femoral fracture united and he was mobilised 
in a weight-relieving caliper. After 4 months swabs 
became sterile and gentamicin was stopped; a total 
of 14-4 g had by that time been administered. 
A few weeks later he felt unwell, began vomiting, 
and was transferred to the Central Middlesex 
Hospital on 21 December 1976. 

On admission plasma Na was 119 mmol/l, K 
1-1 mmol/l, bicarbonate 27 mmol/l, Cl 61 mmol/l, 
urea 15-1 mmol/l (91 mg/100 ml), creatinine 190 
umol/I (2-1 mg/100 ml), osmolality 232 mmol/kg. 
The urine contained 60 WBC, 8 RBC, and casts + +. 
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Urine concentration and electrophoresis showed a 
pattern consistent with tubular proteinuria. Treat- 
ment with potassium supplements was begun. 

On 5 January 1977 the patient complained of 
pains in his fingers and feet. Chvostek's and Trous- 
seau's signs were positive. Serum Ca was 1-6 mmol/l 
(6:4 mg/100 ml) and Mg 0-2 mmol/l (0-5 mg/100 
ml). Magnesium, calcium, and potassium balances 
during the next 2 months are shown in Figs 1 and 2. 
Blood pressure was normal; plasma renin activity 
and aldosterone concentrations were in the high 
normal range. Immunoreactive parathyroid hormone 
(iPTH) levels were inappropriately low. 

During the next 2 months these abnormalities 
returned to normal, as did renal function. After 





Fig. 1 Potassium balance over 
2 months after admission to hospital. 
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Fig. 2 Calcium and magnesium 
supplements and plasma levels over 
2 months after admission to hospital. 
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further operations on the right femur and closure of 
the skull defect, the boy was discharged in good 
health. 


Discussion 


Magnesium is essential for maintaining potassium 
balance and for normal calcium metabolism. The 
occurrence of otherwise unexplained hypokalaemia 
and hypocalcaemia suggests the possibility of 
significant magnesium depletion, due either to 
dietary deficiency (Shils, 1969) or to abnormal 
losses. In this patient dietary history of the previous 
4 months showed intakes within the recommended 
ranges for magnesium, calcium, and potassium. 

Gentamicin is mainly excreted by glomerular 
filtration, with the tubules playing a minor role. 
Like other aminoglycosides it is bound to renal 
tissue (Luft er al., 1975). The incidence of nephro- 
toxicity is 2-10%, manifested by proteinuria and 
cylindruria, with rising blood urea and creatinine. 
Most patients have a rise in serum creatinine, 
usually reversible on stopping treatment and dose- 
related. In rare cases acute renal failure develops 
and seems unrelated to dosage or serum levels. 
Although gentamicin is usually stated to be rapidly 
excreted by the kidneys, it has been recovered from 
the urine of patients with normal renal function 
20 days after stopping treatment (Kahlmeter and 
Kamme, 1975). A study by Schentag and Jusko 
(1977) of 47 patients receiving gentamicin in which 
the serum peak, midpoint, and trough concen- 
trations were measured as well as those in urine, 
other body fluids, and post-mortem tissue, showed 
that serum concentrations rose gradually in most 
patients throughout treatment. After the final dose 
these concentrations declined in 2 phases, the first 
similar to the apparent decline during each dosing 
interval and largely determined by renal function 
(half-life 12 hours) the second declining more 
slowly with an average half-life of 112 hours (range 
27-693 hours (4 weeks)) Post mortem, renal 
cortical levels were 100 times those of serum, with the 
kidneys accounting for 40% of the total body 
gentamicin. Ability to detect gentamicin over long 
periods in serum and urine is the result of slow 
release from tissue-binding sites. Thus accumulation 
continues throughout treatment; the high con- 
centration in the kidneys show how nephrotoxicity 
can occur. 

Holmes et al. (1970) treated 4 patients with more 
than 10 g gentamicin over 6 months. These patients 
developed hypokalaemia and hypomagnesaemia with 
hypochloraemic alkalosis. There was an interval of 
several months before the onset of biochemical 
disturbances. These were attributed to secondary 
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hyperaldosteronism and hyperreninaemia. Recovery 
was delayed many months after stopping treatment. 
Bar et al. (1975) treated 2 patients with 10 990 and 
1320 mg of gentamicin. The second patient had 
ototoxicity; both patients developed hypomagnes- 
aemia, hypokalaemia, hypocalcaemia, and renal 
magnesium wasting. Plasma renin and aldosterone 
levels at the time of greatest urinary magnesium loss 
were normal. iPTH levels remained inappropriately 
low. 

Our patient was given 14 400 mg over 4 months 
for osteomyelitis due to a resistant organism. The 
interval between stopping treatment and symptoms 
was 5 weeks, similar to that in the patients described 
above. Renin and aldosterone levels were normal 
and iPTH levels were inappropriately low for the 
serum Ca. Renal Mg excretion was inappropriately 
high for the concurrent hypomagnesaemia: in 
hypomagnesaemia due to inadequate intake renal 
excretion normally decreases to less than 1 mEq 
(0-5 mmol) daily within one week (Shils, 1969). 

Hypomagnesaemia presumably caused the hypo- 
calcaemia and hypokalaemia (Shils, 1969). The 
mechanisms are uncertain. Magnesium deficiency 
may prevent parathyroid hormone release, produce 
end-organ unresponsiveness to the hormone, or 
both, possibly by causing defective cyclic-AMP 
generation in the parathyroid glands and target 
organs (Rude e*t al., 1976). Gentamicin may cause 
secondary hyperaldosteronism, with resulting hyper- 
magnesuria and hyperkaluria (Holmes et al., 1970). 
However, in our case, as in those of Bar et al. (1975), 
renin and aldosterone levels were normal despite 
hypokalaemia with renal potassium wasting. 

All reported cases with this gentamicin-induced 
syndrome were treated with large doses over 
extended periods. All but one received over 10 000 
mg and the remaining patient had other features of 
gentamicin toxicity despite a lower total dose. 

In gentamicin therapy the importance of monitor- 
ing serum levels during even short courses to reduce 
risks of nephrotoxicity and ototoxicity is well known. 
Accumulation may result in nephrotoxicity, and 
particular care is therefore needed when it is used 
for long periods. In patients receiving prolonged 
courses plasma Mg, Ca, and K levels should be 
monitored frequently during and after treatment. 


Summary 


A 12-year-old boy developed renal wasting of 
magnesium, calcium, and potassium, with secondary 
hypomagnesaemia, hypocalcaemia, and hypokala- 
aemia (without hyperaldosteronism) after treatment 
with 14400 mg gentamicin over 4 months. Genta- 
micin should not be given for prolonged courses 
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if less toxic antibiotics are suitable. If it is used, 
plasma magnesium, calcium, and potassium levels 
should be monitored during and after treatment. 


We thank Dr C. Chantler for help with this case. 
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Infrared irradiance from 
phototherapy units and the effect 
on osmolality of serum and urine 
in term infants 


The technical simplicity of phototherapy has resulted 
in many neonatal departments having phototherapy 
units built for them by local craftsmen, usually to a 
similar specification as those available commercially. 
Infrared radiation of +650 nm is emitted by these 
light sources and causes an increase in skin blood 
flow (Oh et al., 1973; Wu et al., 1974), and a 2- to 
3-fold increase in insensible water loss in infants 
(Oh et al., 1972; Oh and Karecki, 1972). We decided 
to measure the osmolality of urine and blood in 
term infants receiving phototherapy for hyper- 


bilirubinaemia of unknown cause. We also measured 
the infrared emission from commercial and locally 
constructed phototherapy units. 


Methods 


The group studied comprised 10 normal baby boys 
born spontaneously at term after normal pregnancies, 
of appropriate weight-for-gestational-age, and Apgar 
scores of 8 or more at 1 and 5 minutes. Indirect 
bilirubin concentration at start of therapy was 
7250 umol/l (714-6 mg/100 ml) and none of the 
babies had evidence of haemolytic disease, infection, 
or galactosaemia. The babies were placed in an 
Air Shields Isolette C86, with proportional control 
of heating. A urine bag was applied and urine was 
collected as it was passed immediately before, during, 
and for 24 hours after discontinuing phototherapy. 
1 ml venous blood was obtained 12-hourly for 
serum bilirubin and osmolality estimations, the 
latter being determined by freezing point depression 
using an Advanced Instruments osmometer. Infants 
were weighed before and after breast feeds, and the 
volumes of milk given by bottle were carefully 
measured. 

The Air Shields phototherapy unit PT 531 com- 
prises a bank of 8 Philips 40 W daylight 33 fluorescent 
lamps, encased in a protective metal box with a 
plexiglass G acrylic plastic cover 6 mm thick (sold 
in UK as Oroglas G, its irradiation transmission 
characteristic is illustrated in Rohm and Hass 
technical leaflet OR—53). The light source is adapted 
to be 45 cm above the infant. The locally made units 
are of similar design. Infrared radiation was 
measured using a Heimann bolometer KT14, 
calibrated in degrees centigrade (Micron Marketing, 
Gordon House, Station Road, Mill Hill, London). 
The range chosen was 0 to 50°C and accuracy was 
— 0-5*C when standardised with an AGA black body 
source for the range 27-39'C. The initial incubator 
reading was 30-32'C, with humidity of 60 %. Infrared 
radiation measurements of the light source emission 
were made at the level of the infant, within the 
incubator and outside it. Air temperature was 
recorded by an Ellab universal digital thermometer 
DU3 with probe N TRA 1 at the level of the infant. 
Measurements were made at 0, 30, 60, 90, and 180 
minutes after beginning phototherapy and the 
results expressed as the average of 3 separate studies. 
The unpaired Student's ¢ test was used to evaluate 
the significance of the results. 


Results 


The infants were studied between days 5 and 8 of 
Jife, and phototherapy was given for 24 to 46 hours. 


4 infants used the Air Shields unit and 6 the locally 
made units. 3 infants continued to receive full- 
strength evaporated milk feeds and the 7 others were 
breast fed and received complements of half- 
strength evaporated milk. Average intake was 
165 ml/kg per 24h (132-198 ml) during photo- 
therapy and 166 ml/kg per 24h (139—204 ml) in the 
following 24 hours. Maximum osmolality recorded 
was 308 mmol/kg H,O for plasma and 297 mmol/kg 
HO for urine. The incremental change in urine 
osmolality from before to during phototherapy was a 
mean of + 84.8 + 58.6 SD with a range of —6 to 
+171 mOsm/kg H5O. The difference was significant at 
P —0-01. Nosignificant difference was found between 
maximum urine osmolalities before and after photo- 
therapy, or plasma osmolalities before, during, and 
after phototherapy. The number of infants was too 
small to assess the effect of the 2 different types of 
phototherapy units. The Table shows that the 
infrared radiance at the level of the infant in the 
incubator rose by between 4 and 10°C in 3 hours; 
the greatest rise was in the first half to one hour. 
Transmission of heat energy was considerably 
reduced by interposing a 6-mm Oroglas G acrylic 
sheet at a 30° angle or by horizontally suspending it 
between 2 and 10 cm above the incubator, as 
recommended by Wu and Berdahl (1974). This was 
also effective in reducing the apparent rise in the 
incubator temperature recorded by the thermometer 
inserted in the acrylic plastic lid of the incubator. 
The commercial unit was cooler in operation than 
the locally made unit, probably because the thick 
aluminium metal casing of the latter acted as a 
heat store. 


Discussion 


We have shown that the stress of phototherapy 
produces a significant change in osmolar con- 
centration of urine, even in the term infant, and we 
confirmed previous water balance studies (Oh ef al., 
1972; Oh and Karecki, 1972; Wu et al., 1974). No 
infants in this study had serum hyperosmolality, but 
the risk is evident even when low-solute foods are 
offered. Extra osmotically free water feeds of 5% 
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dextrose should be offered, especially to preterm 
babies. Of particular concern was the finding that 
the thermometer in the incubator read 1-5-2°C 
higher than the actual temperature at the level 
of the baby. An infant might therefore be nursed 
in error below its optimal environment. On the 
other hand, the high radiant energy found at baby 
level is transformed into heat and may increase 
the infant's skin temperature with the attendant risk 
of an increased incidence in preterm infants of 
apnoea (Daily et al., 1969), as well as overheating 
(Elliot e? al., 1974), and dehydration. Both these 
doubts and the osmolar stress can be removed by 
interposing a suitable 6-mm acrylic sheet 2-12 cm 
above the incubator, and this is strongly recom- 
mended if locally made, uncalibrated units are used. 


Summary 


The osmolality of urine increased in 10 term infants 
receiving phototherapy. Phototherapy units made 
locally were likely to emit more infrared radiation 
than a unit available commercially, but both types 
led to falsely increased incubator thermometer 
readings. Interposing a 6-mm acrylic sheet prevents 
these effects. 


Our thanks to Professor J. O. Forfar, Dr F. 
Cockburn, and Dr W. M. McCrae for allowing 
study of their patients, to Miss Taylor, Sister 
Michie, and Sister Graham without whom the 
study could not have been done, and to Dr N. R. 
Belton and his staff for statistical advice and bio- 
chemical support. 
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Table Temperature changes from 0 to 180 minutes after beginning phototherapy 


Initial 

temperature 

in °C Commercial 

Alone 
Air 31-2 0-6 
Incubator thermometer 30 1-5 
Infrared radiance 
In incubator 26 


wo 


4. 
Out of incubator 29 10. 





Incremental change in °C 


Local 
Oroglas G Alone Oroglas G 
0-4 0-9 —0-3 
0-0 2-0 0-0 
1-0 10-0 1-2 
4-0 21-0 8.3 
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Slow growth of an untreated 
Wilms's tumour in the adolescent 


Case history 


A. 16-year-old white girl presented symptomatically 
in May 1976 with left upper quadrant discomfort 
and fatigue. She had been seen by her family 
physician, found to be mildly anaemic with Hb 
10-5 g/dl, and placed on iron treatment. In August 
she lost 8.63 kg during a 2-week period and 
developed anorexia, night sweats, and dyspnoea. 
She was admitted to a local hospital and x-rays 
and urograms taken in September showed a large 
renal mass on the left side (Fig. 1), and the chest 





Fig. 1 7976. Huge intrarenal mass with distortion and 
displacement of calyces. 


x-ray revealed pulmonary metastases. She sub- 
sequently developed increasing distress due to a 
left pleural effusion and was transferred to Van- 
couver General Hospital. 

History revealed recurrent bouts of cystitis 
between ages 5 and 11 years, during which time 
she had received treatment with antibiotics. At age 
11 she had seen a urologist who carried out a 
urogram. Cystoscopy and urethral dilatation had 
also been undertaken. Figs 2 and 3, x-rays 
taken in February 1972, show an intrarenal mass 
consistent with Wilms's tumour. Subsequently she 
had an aching flank on the left side believed related 
to chronic urinary tract infection. 





Fig. 2 7972. Depression and stretching of superior calyx. 
Evidence of space occupying lesion in superior pole. 


On presentation to Vancouver General Hospital 
with metastatic Wilms's tumour in 1976 she underwent 
drainage of the pleural effusion and was treated 
initially with vincristine and then with actinomycin- 
D. This was followed by irradiation to the thorax. 
There was regression of the pulmonary metastases 
and abdominal mass, and surgery was then per- 
formed to remove the renal tumour. Splenectomy 
was also done at time of surgery due to attachment 
of the mass. The tumour excision was not complete. 
Histology confirmed the diagnosis of Wilms’s 








Fig. 3 1972. Depression and stretching of superior calyx. 
Evidence of space occupying lesion in superior pole. 


tumour of sarcomatous type as seen by two in- 
dependent pathologists. No congenital abnormalities 
of the renal system were noted at operation. She 
received further irradiation to the whole of the 
abdomen and treatment with vincristine, actinomycin- 
D, and adriamycin. Currently she is clinically well 
with continuing radiological evidence of pulmonary 
disease, and remains on this regimen. 


Discussion 


The natural history of Wilms’s tumour and its 
growth have recently been altered by new multi- 
modality treatment. It is usually regarded as a 
rapidly growing tumour and many hospitals 
approach initial surgical management as a semi- 
emergency. 

Estimates of doubling time in human Wilms’s 
cells show a median potential cell doubling time of 
188 hours (7-8/day) (Aherne and Buck, 1971). 
Radiographic measurements of the growth of 
pulmonary metastases showed a median value of 20 
days for overall tumour volume doubling time 
(Holland, 1976). There are records of clinically 
observed rapid growth of the primary renal tumour 
with variable time intervals between normal ex- 
cretory urograms and repeat studies for abdominal 
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masses. It was not possible to give a definite age 
and tumour growth correlation in these reports 
(Grossman, 1976). We show here an interval of 
nearly 4 years of slow growth before the clinical 
metastatic presentation. There therefore may be a 
varied natural growth pattern of Wilms's tumour 
influenced by age, histology, or factors yet unknown. 
Metastatic disease in long-term survivors is being 
reported, also indicating nongrowth or a slow 
growth period of micrometastases that later begin 
to proliferate (Cassady et al., 1973). This varied 
growth rate was suggested by Collins to be related 
with age, as his classic formula for period at risk 
indicates (Collins, 1955, 1958). Prognosis is known 
to be worse in the older patient (D'Angio er al., 
1976). One can hypothesise whether this is due to a 
slower or smaller growth fraction of tumour and is 
therefore less sensitive to cycle specific agents. 
Alternatively it may be due to the more anaplastic 
or sarcomatous type of histology associated with a 
poorer prognosis (Perez et al., 1973) and possibly 
occurring more frequently in the older patient. 
Further study into the growth pattern of Wilms's 
tumours is necessary and of the relationship of these 
tumours with age and histology. 


Summary 


Retrospective radiological documentation of a 
growing Wilms's tumour is rare. Considered to be 
a relatively rapidly growing tumour, we present 
a case where there was adequate radiological 
evidence of a Wilms's tumour 4 years before the 
clinical metastatic presentation. 
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Thermometers and rectal 
perforations in the neonate 


Spontaneous perforation of the gastrointestinal 
tract in the neonate is rare. When it occurs it 
usually involves the stomach or the ileocaecal 
region. Perforation of the rectum in the neonate is 
usually caused by instruments being passed into 
it. Two patients with neonatal rectal perforations, 
probably caused by thermometers, have been 
admitted to the hospital during the last 6 months. 
Only one other case could be found from our 
records during the last 15 years. 


Case reports 


Case 1. A baby boy, birthweight 4-5 kg, term, 
forceps delivery for delay in the 2nd stage of labour. 
The abdomen was noted to be mildly distended at 
birth. At age 7 hours, while the baby's temperature 
was being taken rectally, the thermometer snapped. 
The abdomen became more distended and an 
erect x-ray showed free gas in the peritoneal 
cavity. At laparotomy on the same day, there was 
copious peritoneal fluid and the small bowel was 
matted together with fibrin. There was a 4 mm 
perforation in the anterior rectal wall. The per- 
foration was oversewn and a double barrel trans- 
verse colostomy performed. The baby's recovery 
was uneventful and the colostomy was closed 6 
months later. 


Case 2. A baby girl, birthweight 2-6 kg, term, nor- 
mal delivery. She was well until 4 days old when 
she suddenly became ill with circulatory collapse 
and marked abdominal distension. An erect x-ray 
of the abdomen showed free gas in the peritoneal 
cavitv. After resuscitation, at laparotomy, there 


was gross faecal peritonitis. The rectum was con- 
tused for a distance of 2 cm above the peritoneal 
reflection and there were 2 perforations in the 
anterior wall of the rectum. The cause of this 
damage was unknown at the time of operation so the 
contused segment was excised, the rectum oversewn, 
and the sigmoid colon brought out as an end 
colostomy. Histological examination of the resected 
specimen confirmed the severe contusions and 
haemorrhage but the mucosa was found to be un- 
damaged except for the perforations. The post- 
operative course was complicated by a wound 
dehiscence but was otherwise satisfactory and the 
patient is now awaiting a rectosigmoid anastamosis. 


Case 3. A baby boy, birthweight 2.9 kg, term, 
normal delivery. On the 2nd day of life, having 
passed meconium and taken his feeds well, he 
began to vomit bile-stained material and the 
abdomen became distended. An erect x-ray of the 
abdomen showed free gas in the peritoneal cavity. 
He was resuscitated and at laparotomy there was a 
large amount of turbid fluid in the peritoneal 
cavity. After an extensive search a perforation, 
5 mm in diameter, was found in the anterior rectal 
wall at the level of the peritoneal reflection. The 
perforation was oversewn and a loop sigmoid 
colostomy performed. He made an uneventful 
recovery and the colostomy was closed 6 weeks 
later. 


Discussion 


As with most previous reports it was not always 
easy to prove that a thermometer was the cause of 
the rectal perforation. In Case 1 the thermometer 
actually snapped inside the baby's rectum. Cases 
2 and 3 had been transferred from different 
maternity units where it was normal practice to 
measure temperatures rectally. Although the actual 
incident causing the perforation could not be 
identified the lesions were characteristic. The 
presence of a small circumscribed perforation in 
the anterior rectal wall at the level of the peritoneal 
reflection, in a baby transferred from a hospital 
where the rectal thermometer is routinely used, is 
sufficient to implicate the procedure. A 4th baby 
has been admitted to this hospital with clinical and 
laparotomy findings similar to those reported above. 
Although the lesion appeared to be the result of 
instrumentation of the rectum, the baby had been 
born at home and no evidence of the insertion of a 
thermometer into the rectum could be obtained. 
Neonatal rectal perforations have been observed 
after the passing of various types of instruments, 
such as catheters used in rectal washouts and barium 


enema examinations. The rectal thermometer was 
first implicated by Segnitz (1957) and since then a 
further 10 patients have been reported. Greenbaum 
et al. (1969) found a 70% mortality in this con- 
dition and, taking into account the few more recent 
cases, the mortality still approaches 50%. One 
reason for this high mortality is that a small rectal 
perforation is often difficult to find at laparotomy. 
The perforation in Case 3 was found only with 
difficulty and, in the patient reported by Segnitz 
(1957), the perforation was missed and only found 
at necropsy. It is important therefore. in any baby 
with a pneumoperitoneum, to examine the rectum 
carefully if no other site of a perforation has been 
found. 

Smiddy and Benson (1969) pointed out that the 
shape of the neonatal rectum causes a thermometer 
to impinge on the anterior wall when it is inserted 
to a depth of 2 cm and any attempt to push it 
further may result in perforation. Merenstein (1970), 
stated that the thermometer needs to be inserted 
to at least 5 cm to get an adequate core temperature. 
These arguments would seem to be superfluous, as 
Tsingoglou and Wilkinson (1971) showed that the 
closed axillary temperature correlates well with the 
rectal temperature and that if there should be any 
difference it would be no more than 0-2'C. 

We therefore agree with the editorial in British 
Medical Journal (1970) that the only way to eradicate 
this potentially fatal condition is to stop ‘unhygienic, 
unnecessary, and dangerous’ use of the rectal 
thermometer in the neonate. 


Summary 


Three neonates with rectal perforations, probably 
caused by the use of the rectal thermometer, are 
reported. The dangers of this condition and the 
difficulty of diagnosis even at laparotomy are 
emphasised. It is suggested that since the axillary 
temperature in the neonate is an adequate reflection 
of the core temperature the routine use of the 
rectal thermometer, except in exceptional circum- 
stances, should cease. 


We thank Professor A. W Wilkinson for per- 
mission to report these patients 
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Editorial comment 


Four paediatricians, with much neonatal experience, 
Dr P. M. Dunn (Bristol), Dr J. M. Parkin (New- 
castle), Professor J. Scopes (London), and 'Dr 
N. R. C. Roberton (Cambridge), were asked to 
comment on this report and to give their views on 
when, and how, the temperature of (a) normal 
newborn babies, and (b) preterm, and other babies 
in special care, should be taken. 


(a) Normal babies. 3 of the 4 agreed that the babies' 
temperature should be taken on arrival from the 
delivery room to the lying-in ward. Thereafter 
some continued to take temperatures once or twice 
daily, others only if some indication was present. 
An ordinary glass thermometer is used rectally in 
two units and in the axilla in two. 


(b) Preterm and special care babies. All agreed on 
the importance of regular thermometry, with the 
frequency depending on the individual case. While 
rectal thermometers (glass or electric) are still often 
used, continuous recording of skin (or axillary) 
temperature is much favoured. 


Dangers. Breaking of glass thermometers in the 
rectum was an occasional accident, although this 
did not necessarily lead to the dire results reported. 
Infections had occasionally been traced to rectal 
thermometers. 


Teaching. There does not seem to be an established 
technique taught to nurses on how a rectal 
thermometer should be inserted to avoid trauma. 

A useful discussion of these matters is on pp. 
105-106 of Medical Care of Newborn Babies (1972) 
by Davies, Robinson, Scopes, Tizard, and Wiggles- 
worth. 


Archives of Disease in Childhood, 1978, 53, 826-831 
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Measurement of 
oxygen consumption in infants 


Sir, 

The paper by Evans et al. (Archives, 1978, 53, 330) 
describing a simple method for measuring oxygen con- 
sumption contains inaccuracies I should like to correct. 

The assertion that methods using a lower flow rate 
‘almost certainly result in CO, retention’ is wrong. The 
method described by me (Smales, 1978) uses a flow rate 
of 1 l/min and by sampling continuously from the nares 
in a term infant we were unable to demonstrate any 
alteration in the CO, profile using the Edward’s medi- 
shield medical mass spectrometer. At 500 ml/min, 
however, baseline shift was observed. 

In addition when oxygen consumption was measured 
at Various flow rates between 1 and 3 l/min no significant 
differences were observed. I would suggest that the 
reason for this is that when a constant bias flow is applied 
to the proximal channel, flow rates exceeding this may 
occur during expiration through the distal part of tubing. 
In the method described by Evans et al. the flow rate of 
mixed expiratory gases through the distal tubing is 
constant and must therefore be higher to avoid CO, 
retention. 

Although they omitted my data from their list of 
comparative values of VO, in neonates, Evans et al. will 
find that there is also close agreement with previous 
workers. 

O. R. C. SMALES 
Nottingham City Hospital, 
Hucknall Road, 
Nottingham NGS 1PB 
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Dr Evans and co-workers comment: 


Dr Smales differs with us over our reason for using higher 
gas flows than he feels are necessary. It is our justification 
for this that he labels inaccurate. We firmly adhere to our 
belief that gas flows in excess of 1 l/min are mandatory 
to prevent rebreathing in the mature newborn who has a 
peak inspiratory flow rate of over 2 l/min, therefore gas 
flows less than this, for instance 1 l/min, will inevitably 
cause some rebreathing. This was predicted (Onchi et al., 

1957) and demonstrated experimentally (Willis et al., 

1975). Our experience leads us to the conclusion that to 
prevent CO, retention the gas flow has to be at least 
twice the minute volume. Figs 1 and 2 show CO, analysis 
in gas expired from the nostrils of a 2-5 kg newborn 
infant using a mass spectrometer (Centronic MGA 200). 

When the flow through the mask is 1 l/min, the inspired 
CO, concentration rises to between 1 and 2% and the 
ventilatory rate increases from 38 to 47/min (Fig. 1). 
When the flow is raised to 3-3 l/min (Fig. 2), there is 
still some rebreathing of the first breaths but this does 
not occur later. It is essential that CO, is not retained 
during the measurement of oxygen consumption as the 
increased carbon dioxide level causes a rise in ventilatory 
rate, increased work, and thereby a rise in oxygen 
consumption. 


The relative patterns of gas flows in the limbs of the 
circuit are not relevant to the problem of rebreathing 
(Onchi et al., 1957). The essential factor is the net gas 
flows through the mask. It is this which determines 
whether or not rebreathing will occur. 


We are not able to account for Dr Smales's inability 
to demonstrate CO, retention on low gas flows. This is 
contrary to other reports (Onchi et al., 1957; Willis et al., 
1975). We did not compare his results with ours because 
the populations studied were different. Dr Smales's 
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Fig. 1 CO, concentration in expired gases of a 2-5 kg newborn infant; flow rate 1-0 l/min. 
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Fig. 2 CO, concentration in expired gases of a 2-5 kg newborn infant; flow rate 3-3 l/min. 


group comprised mixed referrals to his unit; our patients 
were term mature infants. 
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Nonhormonal case of adrenal cortical 
carcinoma 


Sir, 

Further to the two articles by Marsden et al. and Visconti 
et al. regarding adrenal carcinoma in infants ( Archives, 
1978, 53, 341 and 342) may we add the following account 
of a child with this extremely rare condition. 

A 17-month-old white girl was admitted with a 20- 
day history of malaise, pallor, and high fever (39?C). 
She was born after a normal pregnancy and delivery, to a 
25-year-old gravida 2, para 2 woman. Physical examin- 
ation on admission showed anaemia; both liver and spleen 
were 2 cm below the costal margins. No signs of precocious 
puberty were present, and the clitoris was not enlarged. 
Blood pressure was normal. 

Hb was 7-8 g/dl, red blood cells being hypochromic ; 
ESR 90 mm in the Ist hour; serum iron 28 ug/100 ml 
(5 pmol/l), TIBC 275 ug/100 ml (49 umol/l). Urine 
analysis normal. Blood and urine culture negative. 
Urinary VMA 6-2 mg/24 h (normal 0-6-7). Bone marrow 
aspirate showed good cellularity with active myelopoiesis. 
Blood chemistry—including total protein, bilirubin, 


sugar, urea, cholesterol, electrolytes, and uric acid was 
normal. Chest x-ray normal. 

Four days after admission the patient developed redness 
and oedema of both eyelids, and on the left frontal region. 
At that time we also found a palpable lobular mass 6 cm 
below the right costal margin. Skull x-ray revealed a well 
defined osteoporotic lesion corresponding with the mass 
in the left frontal region. A second x-ray of the skull 3 days 
later showed at the same site a picture of osteolysis, and 
an osteolytic lesion of the left humerus was also present. 
Intravenous pyelogram showed the right kidney to be 
displaced downwards. Urinary 17-hydroxysteroids were 
0-9 mg/24 h (3-1 umol/24 h) (normal for age 1-3-5 
mg/24 h; 3-5-12-1 umol/24 h), and 17-ketosteroids were 
zero. Plasma cortisol was 5 ug/100ml (138 nmol/l) in 
the morning and 4-5 ug/100 ml (124 nmol/l) in the 
evening. 

Complete excision of the tumour of the right adrenal 
was achieved surgically. It was covered by a thin capsule, 
and measured 12 x 8 cm. The cut surface was reddish- 
brown and showed areas of recent and old haemorrhage 
and evidence of necrosis. Histologically, there were cells 
with pleomorphic nucleus and a variable amount of 
cytoplasm, which confirmed adrenal cortical carcinoma. 
Postoperative chemotherapy with adriamycin was un- 
successful and the patient died 2 months later. Urinary 
17-hydroxysteroids, 17-ketosteroids, and plasma cortisol, 
measured 10 days after surgery, were within normal levels. 


A. CONSTANTOPOULOS, J. KARPOUZAS, 

A. XYPOLITA, and N. MATSANIOTIS 

Ist Paediatric Clinic of Athens University, 
Aghia Sophia Children's Hospital, 

Athens (608), Greece 


Effect of storage and heat on 
antimicrobial proteins in human milk 


Sir, 

The paper by Evans ef al. (Archives, 1978, 53, 239) 
confirms other work on the temperature sensitivity of 
human milk proteins (Ford et al., 1977; Gibbs et al., 
1977). Some of their conclusions deserve comment. 
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For example, how can one feed ‘raw’ milk of ‘low 
bacterial count’ when an analysis of bacterial count may 
take at least a day and the milk must be stored (and is 
therefore no longer ‘raw’) during that time? Is there 
evidence that milk of ‘low bacterial count’ is always low 
in number of potential pathogens? How does one decide 
upon a ‘minimum pasteurising temperature for bacterial 
killing', when this may vary depending on the species of 
bacteria present? Are milk cells of any importance in 
milks that are collected from donors past the colostrum 
period and, if so, how can they be protected when milk 
is routinely frozen ? 

Finally, contrary to the statement of Evans et al., a 
commercial small-scale human milk pasteuriser does 
exist in the UK (Vickers). 

JupirH H. GIBBS 
Neonatal Unit, 
Royal Victoria Hospital, 
687 Pine Avenue West, 
Montreal, Quebec, 
Canada H3A 1A1 
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collection, and pasteurisation. Early Human Development, 
1, 227-245. 


Drs Evans and Dodge comment: 


We should like to answer some of Dr Gibbs's questions. 
We used the word ‘raw’ in the first sense of the word as 
described in the Shorter Oxford Dictionary—i.e. un- 
cooked or unheated. Williamson et al. (1978) described 
a method of bacteriological screening of human milk 
and, although several of their guidelines for safety are 
empirical, we agree with their aims and methods. 

Dr Gibbs correctly states that there is a 'species' 
variability in bacterial killing by heat and we would also 
add that the survival is related to the initial concentration 
of bacteria in the unheated milk. 

There is still insufficient information to answer Dr 
Gibbs's question on the importance of the cellular 
component of human milk, although in vitro ‘milk cells’ 
can synthesise complement and immunoglobulins and 
they can exhibit phagocytosis of bacteria and yeasts. 

Although subsequently unconfirmed, it was reported 
that a graft versus host reaction was induced by feeding 
milk lymphocytes from a genetically unrelated donor in 
suckling rats (Beer ef al., 1974). Until more knowledge 
is gained, we are content to impair or destroy milk cells 
by deep freezing when milk is given to an infant from a 
woman other than his mother. 

When we prepared our paper in 1977. we were not 
aware of the Vickers’ pasteuriser but have since seen, 
although not evaluated, the apparatus. We thank Dr 
Gibbs for drawing our attention to it. 


T. J. Evans and J. A. DODGE 
University Hospital of Wales, 
Heath Park, Cardiff CF4 4XN 
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Congenital heart block and 
hypothyroidism 


Sir, 

We read with interest the case report by Syed (Archives, 
1978, 53, 256). In the family history of the case, the 
mother suffered from rheumatoid arthritis, treated with 
aspirin, before her pregnancy. In our paper (McCue et 
al, 1977), we found that connective tissue diseases 
(including rheumatoid arthritis) of the mother, may 
produce congenital complete heart block in the baby. 

The mechanism is that antinuclear antibodies of the 
IgG class cross the placental barrier. The transmission of 
such antibodies may affect the fetal cardiac conduction 
system and myocardium, as well as other organ systems 
(skin, blood, etc.). The cardiac pathology of the case 
described by Syed also supports this possibility. 

For these reasons, we believe the congenital com- 
plete heart block to be connected with the maternal 
rheumatoid arthritis. We do not know if the hypothy- 
roidism is an incidental finding or whether the same 
mechanism is responsible for both lesions. 


C. M. McCUE 

Department of Pediatric Cardiology, 

Virginia Commonwealth University, 

MCV Station, Richmond, Virginia 23298, USA 


M. E. MANTAKAS 

Department of Pediatric Cardiology, 
St Sophia Children's Hospital, 
Athens 608, Greece 
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Dr Syed comments: 


I thank Drs McCue and Mantakas for their comments. 
The hypothesis is interesting and may be the mechanism 
in this case. Please note an error. X-ray report should 
read—'No ossification of distal femoral epiphysis or 
at wrist’. 


A. A. SYED 

Department of Paediatrics, 
St Margaret’s Hospital, 
Epping, Essex CM16 6TN 


Acquired toxoplasmosis in children 


Sir, 

In their review of acquired toxoplasmosis in children, 
McNicholl and Flynn (Archives, 1978, 53, 414) suggest 
the use of sulphadimidine and pyrimethamine for 
treatment of generalised toxoplasmosis. We report a 
child with generalised toxoplasmosis who had a dramatic 
recovery after treatment with co-trimoxazole. 

An 113-year-old girl presented to the hospital with an 
8-week history of weight loss, fever, malaise, lympha- 
denopathy, and intermittent muscle pain. There were 
several cats and dogs in the home. On admission there 
was pronounced weight loss, generalised lymphadeno- 
pathy, erythema nodosum, and muscle tenderness in 
both quadriceps. On investigation the significant finding 
was a toxoplasmosis antibody dye test titre of 1 : 4096. 
A lymph node biopsy showed histological appearances 
consistent with toxoplasmosis. As the patient remained 
unwell 2 weeks after admission she was given a one- 
month course of co-trimoxazole (400 mg sulphamethoxa- 
zole and 80 mg trimethoprim twice daily). A week later 
her myositis had resolved, the lymphadenopathy de- 
creased, her appetite returned and she was more active 
and felt better. After one month’s treatment her weight 
had increased by 2-35 kg and there were no residual 
signs or symptoms. 

A combination of sulphadimidine with pyrimethamine 
is generally recommended for the treatment of acquired 
toxoplasmosis, but pyrimethamine can have significant 
side effects. Co-trimoxazole has been used for 1 to 3 
months in the treatment of acquired and congenital 
toxoplasmosis with encouraging results (Móssner and 
Auwarter, 1972; Domart et al., 1973; Norrby et al., 1975). 
As co-trimoxazole is significantly less toxic than pyri- 
methamine we suggest that it should be the first choice 
of treatment in toxoplasmosis. 


M. WILLIAMS and D. C. L. SAVAGE 
Royal Hospital for Sick Children, 
St Michael's Hill, Bristol BS2 8BJ 
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Drs McNicholl and Flynn comment: 


We are grateful to Drs Williams and Savage for drawing 
attention to the use of co-trimoxazole in treatment of 
acquired toxoplasmosis. Although aware of its use in 
this respect, we were not aware of any extensive trial and 
preferred to keep to the established combination of a 
sulphonamide with pyrimethamine. 

The treatment of the girl did appear to be very 
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effective, and we would agree that if further trials show 

similar efficacy, co-trimoxazole should be favoured 

because it is less toxic than a pyrimethamine/sulphonamide 
combination. 

B. MCNICHOLL and J. FLYNN 

Department of Paediatrics, 

Regional Hospital, 

Galway, Eiré 


Oral rehydration in infantile diarrhoea 


Sir, 

Chatterjee et al. (Archives, 1978, 53, 284) conclude that 
children being rehydrated with an oral glucose electrolyte 
solution containing 90 mmol/l sodium will show a 
greater trend to develop hypernatraemia and periorbital 
oedema than children receiving a solution with 50 
mmol/l sodium. I believe they have based this conclusion 
on unwarranted interpretations of their own data. 

(1) Although they intended to give group A more 
sodium than group B, the actual amounts delivered in 
the first 12-24 hours were scarcely different: 12 and.11 
mmol/kg respectively. The effective concentrations 
of sodium (in mmol/l water consumed) were 58 and 50. 

(2) The authors correctly observe that periorbital 
oedema is not associated with hypernatraemia. It should 
not, however, be considered a ‘complication’ as it merely 
reflects retention of isotonic saline brought on by 
physiological responses to volume depletion. Moreover, 
as the diagnosis of periorbital oedema requires some 
clinical judgement, the observations should have been 
made by a person unaware of the children's groupings. 

The most important finding of the study is that even 
moderate to severely dehydrated children can be restored 
and maintained with an oral glucose-salt solution alone, 
and that early feeding can be done successfully. 


NORBERT HIRSCHHORN 
141 Tremont Street, Boston, 
Massachusetts 02111, USA 


Dr Chatterjee and co-workers comment: 


We thank Dr Hirschhorn for his very thought provoking 
comments on our paper, but his assumption that the 
children in the 2 groups received identical amounts of 
sodium during initial hydration is not true. The children 
in group A (treated with the standard solution) received 
12 mmol/kg sodium which is about 14% higher than the 
other group which received 10-5 mmol/kg sodium. This 
apparently small difference is however significant as the 
calculated distribution of this excess sodium in the 
extracellular fluid (which is about 20 % of the body weight) 
is capable of raising the sodium level by nearly 8 mmol/l. 
Furthermore, as it was not our intention that the group 
treated with the standard solution should receive a 
higher amount of sodium, we took care not to produce 
sodium overload. It is likely that a less stringent super- 
vision may push the sodium to a critically dangerous 
level. The other differences which might contribute to 
hypernatraemia are: (a) In group A additional free water 
was administered several hours after the start of oral 
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hydration, as recommended by WHO/UNICEF. The 
consequences of treatment with high sodium solution 
might already have set in before adequate free water was 
available. (b) Sodium to potassium ratio in the standard 
solution was higher than the low sodium solution which 
also might contribute to hypernatraemia (discussed in 
our article). 

Although periorbital oedema is a less dangerous com- 
plication than hypernatraemia, nevertheless, it reflects 
sodium retention, albeit isotonic. It is possible, that in 
these circumstances, excessive renal or extrarenal losses 
of water in a child with immature renal function may 
produce hypernatraemia resulting from a disparity 
between sodium and water content. Further, it has been 
implied that the judgement of periorbital oedema raises a 
question of bias, but Dr Hirschhorn will be happy to 
know that the finding was verified by one of the in- 
vestigators (S.P.K.), who is a senior consultant to the 
department of paediatrics and who did not know the 
groupings. 


DiLre MAHALANABIS, ASOK CHATTERJEE, and K. N. JALAN 
Kothari Centre of Gastroenterology, 

The Calcutta Medical Research Institute, 

a 7/2 Diamond Harbour Road, 
Calcutta 700027, India 


A notable case of nephrosis 


Sir, 

The notable, and delightfully retold, case history of 
a distinguished paediatrician’s childhood nephrosis 
(Archives, 1978, 53, 363) raises some fascinating issues, 
including the problem of whether it was the pneumo- 
coccal peritonitis or the measles that produced remission 
and cure. 

The boy was in a severe relapse until an inappropriate 
paracentesis resulted in peritonitis. Remission seems to 
have occurred shortly after the intra-abdominal abscess 
discharged itself and to have continued during the sub- 
sequent measles. Therefore it really does sound as if the 
peritonitis was the most important agent. Janeway et al. 
(1948) described the chronology of diuresis after measles. 
During the initial febrile illness the proteinuria increased 
and the nephrotic syndrome became worse, but diuresis 
began at any time from the appearance of the rash to 8 
days later. It seems to be unusual for pneumococcal 
peritonitis to produce remission and cure. The few cases 
of such peritonitis that I have seen have been disastrous, 
2 producing acute renal failure necessitating dialysis 
and 2 almost killing the children without producing 
remission. For that reason we ought to follow Sir 
Frederic Still’s policy of discouraging the onset of 
pneumococcal peritonitis in any child with nephrotic 
syndrome. All he could do was to advise against para- 
centesis. We are luckier and can give a daily prophylactic 
dose of penicillin V to any nephrotic child who is in 
relapse and is oedematous. 

S. R. MEADOW 

Department of Paediatrics and Child Health, 
27 Blundell Street, 

Leeds LSI 3ET 
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Research involving children—ethics, 
the law, and the climate of opinion 


Sir, 

There is one point, and one only, in your timely and 
wise Editorial (Archives, 1978, 53, 441) that I wish to 
question. You say you ‘will not accept papers reporting 
studies where ionising radiations (x-rays or radioisotopes) 
have been given to normal children for study purposes 
only. However, you quote with approval Professor 
Dworkin’s opinion that research may be justifiable 
provided the risk to the subjects is 'either absent or 
negligible’, p. 441 (his words being ‘absent or minimal’, 
p. 445). 

In research on the normal variations of growth, 
particularly at puberty, establishing the subject’s physical 
maturity is in many contexts (endocrine, etc.) extremely 
important. This is best done by an x-ray of the hand and 
wrist, leading to a ‘bone-age’ determination. In the past 
I and my collaborators (supported by the then Ministry 
of Health) made such studies and in the growth disorder 
clinic bone-age is a routine tool of prime importance. 
But some 10 years ago we were dissuaded (by the usual 
powerful argument) from continuing this part of our 
study of normal children. 

The dose of x-rays is 4 millirads, given toean area in 
which no active bone marrow is believed to exist after 
age 2. This dose is the sarfie as the child would get to his 
whole body should he risk 10 days' skiing at 3000 metres, 
since irradiation increases with altitude. In a few flights 
across the Atlantic 4 millirads is absorbed. Is not the 
risk ‘negligible’ or ‘minimal’ ? 

J. M. TANNER 

Department of Growth and Development, 
Institute of Child Health, 
30 Guilford Street, 

London WCIN IEH 


Hypothermia and intestinal ileus 


Sir, ; 
The metabolic disorders of neonates subject to cold 
exposure have again been pointed out by Smales and Hull 
(Archives, 1978, 53, 407) and abnormalities of oxygen 
consumption and environmental temperature have been 
shown by Hey (1969). 

Since a term infant born unattended at home, was 
admitted with a core body temperature of 32°C, we have 


suspected that intestinal ileus may also be associated with 
hypothermia. After rewarming to 37°C and in the 
presence of normal electrolytes, glucose, and acid/base 
status, the infant developed abdominal distension and 
bilious vomiting at 48 hours. 

At an exploratory operation the whole alimentary 
tract from stomach to sigmoid was found to be distended 
and no peristalsis was seen. After decompression and 
intravenous alimentation the ileus recovered in 72 hours. 

We do not know whether this was due to a temporary 
neuromuscular abnormality or disturbance of some other 
metabolic parameter of which we were unaware, but we 
believe the ileus and hypothermia to be causally linked. 


A. P. Cors and P. W. HOUGHTON 
Worcester Royal Infirmary, 
Worcester WRI 3AS 
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Are sex chromosome abnormalities 
a factor in speech delay? 


Sir, 

Garvey and Mutton (Archives, 1973, 48, 937) reported 
that sex chromosome anomalies have a role in the 
aetiology of speech delay. 

We studied 21 patients (13 boys and 8 girls) with speech 
delay after eliminating mental retardation, hearing 
defects, and other well-known causes of delayed speech. 
Ages varied between 3 and 9 years and most children were 
between 5 and 7. In each patient we analysed a pedigree, 
buccal smear, peripheral blood chromosomes, and 
amino-acids. The Peabody picture vocabulary test was 
generally used as the psychological test, and in patients 
in whom the intelligence level was uncertain, the 
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Goodenough and LM form of Stanford Binet tests were 
additionally given. Each patient also had a hearing test. 

Our study population was similar to that of Garvey 
and Mutton (1973). Although the number of cases was 
larger in our study we could not find any minor or major 
chromosomal abnormalities. The studies which investi- 
gated the early development of children with sex chromo- 
some aberrations (Leonard et al., 1974; Robinson et al., 
1974; Tennes et al, 1975; Nielsen and Sillesen, 1976) 
showed that the language development of these children 
was usually within normal limits, but was slightly 
retarded compared with their normal siblings or controls. 

There are no similar reports on the analysis of amino- 
acids. In our series no amino-acid abnormality was found ; 
however, we knew that the chance of finding a very rare 
metabolic disease, such as histidinaemia, in a series of 21 
patients was slight. 

The results of our study show that sex chromosome 
aberrations are not an important cause of delayed speech. 
It is obvious that similar studies with more patients are 
needed. 


ERGUL TUNCBILEK, NESE KURULTAY, and EROL BELGIN 
Departments of Genetics, Pediatric Psychiatry, and 
Oto-Rhino-Laryngology, 

Hacettepe Children’s Medical Center, 

Hacettepe University, Ankara, Turkey 
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British Paediatric Association 


Proceedings of the Fiftieth Anniversary Meeting 


The Annual Meeting of the British Paediatric 
Association was held at York from 11-15 April 
1978. 463 members attended together with 7 Heinz 
Fellows, 9 WHO/UNICEF Fellows, Observers from 
the Department of Health and Social Security, and 
the Scottish Home and Health Department, and 
158 guests. The Windermere Lecture was given by 
Prof. M. H. Klaus (Case-Western Reserve Uni- 
versity, Ohio) and Prof. C. R. Scriver (McGill 
University, Montreal) and Mr K. Till (Hospital for 
Sick Children, Great Ormond Street, London) gave 
the Anniversary Lectures. 

The Annual General Meeting of the British 
Puediatric Association was held on Thursday 13 
April 1978. The President, Prof. O. H. Wolff, was 
in the chair. 

The minutes of the last meeting, which had been 
published in the Archives of Disease in Childhood, 
were received and approved. 


ELECTION OF OFFICERS. The following were elected. 
PRESIDENT ELECT: Dr G. M. Komrower 
HONORARY TREASURER: Dr A. D. M. Jackson 
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HONORARY MEMBERS: Prof. P. Karlberg, Dr P. 
MacArthur, Dr M. E. MacGregor, Dr Angele 
Petros-Barvazian, Prof. P. Royer, Prof. C. Scriver, 
Dr E. B. Sims, Prof. H. K. A. Visser, Prof. J. 
Waterlow, Dr T. K. Whitmore, Dr R. B. Zachary. 


MEMBERS: Barbara Ansell (Harrow), Flora M. 
Baber (Hong Kong), H. H. Bain (Newcastle), 
Gillian Baird (London), D. A. C. Barter (Glasgow), 
R. Beebeejaun (Mauritius), M. H. Bellman (London), 
H. M. Berger (Bristol), M. Blair (Ayr), Gail C. 
Bridgman (Chelmsford), Evelyn Byrne (Paisley), 
R. H. A. Campbell (Sheffield), G. Chew (Wands- 
worth), P. N. Christie (London), G. S. Clayden 
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(London), J. Inglis (Sunderland), B. Keeton 
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Margaret Pollak (London), R. J. Postlethwaite 
(Manchester), J. F. Price (London), J. Pritchard 
(London), R. E. Pugh (Liverpool), R. J. M. Quinn 
(Londonderry), P. G. Rees (London), M. Robinson 
(London), M. G. M. Rowland (Cambridge), J. M. 
Savage (London), M. O. Savage (London), Hilary 
M. Scott (Cambridge), J. Seager (Birkenhead), 
S. A. Shaikh (Kuwait), Rosemary S. Shannon 
(Birmingham), A. K. Sharma (Sheffield), D. Shaw 
(London), J. C. L. Shaw (London), Rosemary D. 
Sheppard (Warley), J. A. Sills (Edinburgh), P. G. 
Small (Nottingham), C. Smalley (Birmingham), 
D. R. S. Smith (London), N. Speight (Newcastle), 
T. E. Stacey (London), A. N. Stanton (Newcastle), 
D. Stratton (Bristol), P. S. Thomas (Belfast), J. H. 
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(Leeds), Gillian Wilson (Dewsbury), Jane Wynne 
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Report of the Council 1977—78 


]. OBITUARIES 


The Association has suffered the loss of Dr Cecile 
Asher (Honorary Member), Dr F. S. Carter, Prof. 
J. Craig (Original and Honorary Member), Dr S. L. 
Ludbrook, Dr R. C. MacKeith (Honorary Members), 
Dr E. Hinden, Dr J. D. Pickup, Dr Mary D. 
Sheridan (Honorary Member), and Dr P. N. Swift. 
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2. DISTINCTIONS 


Council has noted with great pleasure that following 
nomination by the Association, Dr R. H. Anderson 
was awarded the Excerpta Medica Travel Award 
for 1977. This was the first occasion the award had 
been made to a British doctor. Council has also 
noted with great pleasure that Prof. J. A. Dudgeon 
has been awarded both the CBE and the Bisset 
Hawkins Medal of the Royal College of Physicians 
of London, and Mr G. J. Piller the OBE. 


3. COUNCIL 


Membership. The following members of the Associ- 
ation have served on Council during 1977-78: 
Prof. O. H. Wolff (President), Dr L. J. H. Arthur, 
Dr R. D. H. Boyd (Honorary Assistant Secretary), 
Dr D. Burman, Dr O. D. Fisher, Dr Josephine 
Hammond, Dr G. M. Komrower (Honorary 
Treasurer), Dr M. M. Liberman (Honorary Assistant 
Secretary), Prof. June K. Lloyd (Honorary Secre- 
tary), Dr W. M. McCrae, Dr C. H. Nourse (Honor- 
ary Assistant Secretary), Dr R. J. Pugh, Dr R. C. 
Roxburgh, Dr R. J. Young, Dr C. G. D. Brook, 
Dr Barbara Davies, Dr D. W. Fielding, Dr C. A. S. 
Galloway, Dr Sheila Lewis, Dr T. C. Noble, Dr 
R. A. Shanks, Dr W. Davies, Prof. E. E. Doyle, 
Dr J. R. Harper, Dr M. J. Simkiss, Dr B. Wolman, 
Dr I. McKinlay (Junior Representative), Prof. R. G. 
Mitchell (Chairman of the Academic Board) ex officio. 


Observers. The Association is grateful to the follow- 
ing for assistance and advice both at Council and 
in many other ways: Dr Margaret Bell (Scottish 
Home and Health Department), Mr J. Bentley 
(President of the British Association of Paediatric 
Surgeons), Dr F. S. W. Brimblecombe (member of 
Central Health Services Council), Prof. T. E. Oppé 
(Adviser in Child Health, DHSS), Dr Marie 
Richards (Welsh Office), and Dr Esther Simpson 
(Department of Health and Social Security). 


Meetings. Council met on three occasions: 14 May, 
5 November 1977, and 18 February 1978. 


4. MATTERS CONCERNING THE ADMINISTRATION OF 
THE ASSOCIATION 


The Association's accommodation has now been 
expanded but remains at 23 Queen Square. The 
permanent office staff now comprises an Executive 
Secretary and three Assistant Secretaries. It was 
necessary to take on a temporary secretary for the 
two months before the 1978 Fiftieth Anniversary 
Meeting to process the booking forms. 

The Association would like to record its con- 
tinuing debt of gratitude to the Institute of Child 
Health for portering and mailing services, the use 
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of rooms for meetings, duplicating facilities, and the 
administration of staff salaries. 


Academic Board. The 12th Annual Report of the 
Board has been received by Council. Council paid 
tribute to the work of Prof. R. G. Mitchell who 
retired this year from the post of Chairman of the 
Academic Board. 


5. AWARDS OF THE ASSOCIATION 

James Spence Medal—Prof. S. D. M. Court. 
Guthrie Medal —Dr D. P. Davies. 

Heinz Fellowships for 197879 —Dr K. N. Agarwal 
and Dr H. Mazumdar (Fellowship A); Dr B. 
Mukerji (Fellowship B); Dr Elizabeth M. Bryan, 
Dr J. R. Sibert, and Dr M. S. Tanner (Fellowship C). 
Council is continuingly grateful to H. J. Heinz and 
Company for the valuable support they give. The 
Association remains indebted to the Nuffield 
Foundation for advice and administrative help. 


6. FINANCE AND ALLIED MATTERS 


The Directors of Unigate have again generously 
donated their annual travel grant of £225 and 
supplied the programme and all stationery for the 
Fiftieth Anniversary Meetings in 1978. 

The BPA and the British Medical Association 
now jointly own the Archives of Disease in Child- 
hood. The BPA continues to benefit by a share of 
the profits from the Archives of Disease in Childhood. 


7. MEETINGS OF THE ASSOCIATION 


The 48th Annual Meeting of the Association was 
held at York in March 1977. 590 members and 
guests attended. 

The next Annual Meeting of the Association will 
be held from 27—31 March 1979. 


8. STANDING COMMITTEES AND WORKING PARTIES, 
AND COMMENTS TO GOVERNMENT DEPARTMENTS AND 
OTHER BODIES 

Reports have been received by Council, and com- 
ments have been submitted to government depart- 
ments and other bodies on many important issues. 

This has been a particularly busy year for the 
Association and Council is deeply grateful to the 
members who have served on committees and 
working parties and also to those who have repre- 
sented the Association on both statutory and 
voluntary bodies. Many individual members have 
helped the Association by their advice, suggestions, 
and criticisms. 

Council wishes to record its special appreciation 
of the work of the Editors of the Archives of Disease 
in Childhood; the journal continues to be of the 
greatest value to British paediatrics. 
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Other agenda items 


1. Dr R. H. Jackson outlined the terms of reference, 
aims, and financing of the Joint Commission on 
Childhood Accident Prevention to be established 
by the Medical Commission on Accident Pre- 
vention. 


2. The President reported the result of the referendum 
on a college of paediatrics. There was no mandate 
for the Association to proceed towards the 
formation of a college. 


SCIENTIFIC PROCEEDINGS 


WINDERMERE LECTURE. The lecture was delivered by 
Prof. Marshall H. Klaus, Prof. of Paediatrics, 
Case-Western Reserve University, Ohio on ‘Parental 
attachment: a biological basis’. 

FIFTIETH ANNIVERSARY LECTURES. The lectures were 
delivered by Prof. Charles R. Scriver, Prof. of 
Paediatrics, McGill University, Montreal on ‘The 
genetic side of human nature’ and by Mr Kenneth 
Till, Consultant Neurosurgeon, Hospital for Sick 
Children, London on 'Some perspectives in paedi- 
atric neurosurgery'. 


Is your brain really necessary? J. Lorber. Sheffield. 
It has been known that untreated hydrocephalus 
occasionally is compatible with prolonged survival 
with normal intelligence. 

The advent of EMI scanning provided an oppor- 
tunity to study systematically children and young 
adults who were either born with spina bifida or 
had hydrocephalus without spina bifida at birth. By 
November 1977, 200 subjects had been studied with 
special reference to those who had no specific 
treatment for hydrocephalus and those who had 
extreme hydrocephalus in infancy but who made 
good progress subsequently. So far some 70 
individuals between 5 and 18 years of age were found 
to have gross or extreme hydrocephalus with 
virtually no neopallium who are nevertheless, 
intellectually and physically normal, several of whom 
may be considered brilliant. The most striking 
example is a young man of 21 with congenital 
hydrocephalus for which he had had no treatment, 
who gained a university degree in economics and 
computer studies with first class honours, with an 
apparent absence of neopallium. There are indi- 
viduals with IQs of over 130 who in infancy had 
virtually no brain and some who even in early adult 
life have very little neopallium. 


Neonatal head heat loss. J. K. Stothers and K. W. 
Cross. London. 

Cross and Stratton (1974) suggested that the 
neonatal brain might consume up to 70% of the 
total oxygen consumption (VO,). The brain is, 
therefore, a considerable thermogenic organ, and 
the head, an important heat-losing area. The aim of 
this study was to determine some value for head 
heat loss and to assess the benefit of an insulating 
hat. 

The head heat output from 10 infants was 
measured using Hatfield-Turner heat-flow discs. 
The VO, of the remaining 13 infants was measured 
in a closed-circuit metabolism chamber at two 
environmental temperatures while wearing a gamgee 
lined hat and when naked. 

Heat flow from the naked head, in thermo- 
neutrality, represented 30% of total body loss as 
measured in the metabolism chamber (1-86W 
compared with 5:58W). 

Covering the vault of the skull with a thick gamgee 
hat resulted in a saving of 14% of oxygen consumed 
at a temperature of 27°C when compared with the 
naked infant. 

In clinical situations infants are often exposed to 
cold stress and it is suggested that a substantial 
energy saving may be achieved by the provision of 
adequate protective headgear. 


Reference 


Cross, K. W., and Stratton, D. (1974). Aural temperature of 
the newborn infant. Lancet, 2, 1179-1180. 


At what age do bronchodilator drugs work? W. 
Lenney and A. D. Milner. Nottingham. Published in 
full in the Archives, 1978, 53, 532-535. 


Controlled study of terminal symptoms and the action 
taken for them in the first 100 sudden unexpected 
home deaths in the DHSS multicentre study of post- 
neonatal deaths. A. N. Stanton, M. A. P. S. Down- 
ham, and J. R. Oakley. Newcastle upon Tyne. 
Detailed histories of the last week of life were 
obtained from 97 of the first 100 sudden unexpected 
home deaths, in the DHSS Multicentre Study of 
Postneonatal Deaths, and compared with those of 
age matched controls. Reproducible criteria were 
used to assess the severity of symptoms before 
referring to pathological findings. Use and effective- 
ness of medical care were also assessed. 

No symptoms could be identified in 38 children. 
Minor symptoms were present in 11, symptoms of 
similar severity were present in 19 controls. A 
medical consultation seemed to be indicated in 23 
cases. Symptoms appeared severe enough to merit 


hospital admission in 25 further cases and, in 16 of 
these, the family had requested medical help. 
Respiratory illnesses of index cases commonly 
included evidence of lower respiratory tract in- 
volvement. Gastrointestinal symptoms were virtually 
absent in controls, but common in index cases. 
Nonspecific markers of severe illness were prominent 
in index cases, notably excessive amounts and 
altered character of crying drowsiness, irritability, 
anorexia, fever, and sweating. Publicising the 
importance of nonspecific symptoms in babies may 
be one way of preventing some postneonatal deaths. 


Factors underlying the immediate and dual responses 
to antigen challenge in childhood asthma. J. F. Price, 
E. N. Hey, R. J. Levinsky, and J. F. Soothill. 
London. 

Childhood asthma is associated with an immediate 
(20 min) response on antigen challenge but some- 
times also with a late response (4-8 hours). We 
investigated the occurrence of immediate and dual 
reaction in 21 children with perennial asthma after 
bronchial nasal and skin challenge to 2 of 3 antigens: 
Dermatophagoides, cat fur, and Timothy grass 
pollen. Three children had only immediate responses 
to either antigen in any organ, 2 gave dual reactions 
to all tests. Dual responses were commonest in the 
lung (27 of 35) and least frequent in the nose (13 of 
32). Dermatophagoides gave the highest proportion 
of dual lung reactions (11 of 12) but pollen gave the 
greatest number in the nose (9 of 14) and skin (12 
of 16). Late nasal reactions were significantly 
associated with symptoms of allergic rhinitis in these 
patients. There are therefore clinically relevant 
exceptions to the prevailing assumption of organ 
and antigen nonspecificity in the pattern of response 
to antigen challenge. 

These studies indicate the importance of the late 
reaction in childhood asthma. Preliminary data 
suggest that a late reaction is associated with antigen 
nonspecific disappearance of precirculating soluble 
antigen-antibody complexes and activation of C3. 

We believe that asthma is the product of a range 
of different allergic reactions and these studies shed 
some light on their mechanisms. 


Once or twice daily insulin injections for diabetic 
children? G. A. Werther, J. D. Baum, P. A. Jenkins, 
and R. C. Turner. Oxford. 

24-hour metabolic profiles were performed in a group 
of 15 diabetic children to assess their control while 
on either a single daily injection of insulin (Novo 
Monotard plus Actrapid) (regimen A), or twice-daily 
insulin injections (Novo Semitard plus Actrapid) 
(regimen B). Each child, aged 9-16 years (mean 14), 
was studied twice: once on each regimen, after 
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optimising his control at home by conventional 
methods before each admission. 

Blood sampled in hospital from an indwelling 
venous canula was assayed for glucose, free insulin, 
C-peptide (a measure of endogenous insulin pro- 
duction), and various metabolites. Fractional 
urinary glucose estimations were also performed. 

The mean daytime blood glucose profile was 
similar in regimens A and B with high postbreakfast 
peaks. Significant differences occurred overnight 
however, with a higher postsupper peak in A 
(P «0-01); a lower trough at 1 a.m. in B (P « 0-025); 
and a higher prebreakfast level in B (P<0-05). 
Mean area under the glucose curve, as a measure of 
diurnal hyperglycaemia, showed no significant 
difference between A and B. The mean total daily 
urinary glucose outputs were (remarkably) identical: 
12:1g on both A and B. 6 of the 15 children had 
significant residual endogenous insulin reserve, as 
shown by a clear response of C-peptide to blood 
glucose changes. Free insulin profiles will be discussed 
in relation to C-peptide and glucose patterns. 

24-hour metabolic profiles have shown that 
similar overall diabetic control may be achieved in 
children whether on 1 or 2 injections of insulin per 
day, with some differences in overnight glucose 
patterns. Endogenous insulin production con- 
tributes substantially to diabetic control in many 
patients. 


Serious nonviral infections during remission and 
remission induction of acute leukaemia of childhood. 
I. M. Hann. Manchester. 

Nonviral infections occurring over the last 8 years 
were reviewed to define micro-organism prevalence 
and response to treatment. Serious infections 
occurred in 38 patients: 11 ALL and 1 AGL in full 
remission and 23 ALL with 3 AGL during remission 
induction. Over this period 285 newly diagnosed 
patients were admitted to the unit. 

Despite a 66% rate of carefully performed 
necropsies, we were unable to confirm the high 
incidence of fungal and protozoal infections re- 
ported from America. The greatest serious morbidity 
and mortality occurred with Gram-negative organ- 
isms, particularly Klebsiella (85% mortality), Pseudo- 
monas pyocyanea (78%), and E. coli (50%). 31 
patients were neutropoenic but no correlation was 
found between outcome and duration (P>0-6) or 
severity (P>0-1). Septicaemia was present in 40% 
of patients with a mortality of 33%. Infection in- 
volving Gram-negative bacillus pneumonia, CSF, 
middle ear, bowel, and perianal abscess carried a 
poor prognosis. Mixed organism infection was 
associated with a 66% mortality but no deaths 
occurred from single Gram-positive organisms. 
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The combination of gentamicin with penicillin or 
ampicillin was clearly unsatisfactory and amikacin 
with carbenicillin was substituted. Since this change 
and the adoption of more stringent diagnostic 
techniques and early granulocyte transfusion 18 
months ago there has been little serious morbidity 
and no mortality from bacterial infections. 


Virus infections in childhood acute lymphoblastic 
leukaemia. A. W. Craft, P. S. Gardner. E. Jackson, 
J. Kernahan, T. C. Noble, M. M. Reid, and W. 
Walker. Newcastle upon Tyne. 

‘The role of viruses in the life and death of children 
with acute lymphoblastic leukaemia was studied 
from 1973-76. A virus was present at death in 7 out 
of 10 children dying during the induction phase of 
treatment or during the first remission and in 3 of 5 
children who died after a relapse of their leukaemia. 
However, it is not always possible to relate causally 
the infection and the death. During life children 
with leukaemia were studied virologically at monthly 
intervals and at times when they were obviously 
infected. Viruses were isolated on 119 occasions in 
63 patients. The length of excretion of the virus was 
studied in those children in whom it was possible to 
obtain paired specimens. The mean lengths of virus 
excretion (in days) compared with those of normal 
children were measles: 20 v. 8, influenza: 22 v. 5, 
respiratory syncitial virus: 28 v. 6. The clinical 
illnesses were more severe than with the same virus 
in normal children and on many occasions there was 
no antibody response detectable in the blood. The 
relationship between antileukaemia treatment, im- 
munosuppression, and the virus infection was 
assessed. [ntensive virological investigation has led to 
a better understanding of infections in these children 
and it appears that viruses are emerging as important 
pathogens within this group. Rapid and accurate 
viral diagnosis is essential now that antiviral agents 
are becoming a reality. 


Nonphysiological anaemia of prematurity—— clinical 
and haematological findings. B. M. Holland, O. P. 
Gray, J. G. Jones, K. E. A. Veale, and C. A. J. 
Wardrop. Cardiff. To be published in full in the 
Archives, 1978, 53, 855-860. 


Fulminant hepatic failure in childhood. A. P. Mowat, 
H. M. Davis, D. B. A. Silk, H. T. Psacharopoulos, 
and R. Williams. London. 

The mortality from fulminant hepatic failure (FHF) 
in children is very high although lower than in 
adults. 22 of 31 (7195) consecutive cases, aged 
0-15 years, admitted to our unit since 1969 died. 
Data from these cases are compared with 9 who 
recovered to determine features of prognostic 


importance. 8 of 25 with acute hepatitis (non-B) 
survived, as did 1 of 3 caused by paracetamol over- 
dose. Single cases of neonatal hepatitis, Amanita 
phalloides and halothane hepatitis, died. Grade IV 
coma of 24 hours' duration occurred in 18 fatal cases 
compared with one survivor (P«0-005). Frank 
intestinal haemorrhage (15 cases), hypotension and 
bradycardia with respiratory failure requiring 
assisted ventilation (16 cases) were limited to the 
fatal group. No other clinical observations were 
significantly different. 

The mean prolongation of prothrombin time in the 
fatal cases was 119 seconds; in survivors 51 seconds 
(P <0-02). Serum bicarbonate levels were higher in 
the fatal groups (P<0-02) and raised serum urea 
and oliguria more common (P «0-05). Standard 
tests of liver function and electrolytes were more 
abnormal in the fatal group but not significantly so. 

At necropsy, 9 of 13 (69%) had cerebral oedema. 
We conclude that the pathophysiological changes 
occurring in children with FHA with severe en- 
cephalopathy are similar to those in adults and that 
the mortality is no lower. 


Reference 


Rueff, B., and Benhamou, J. P. (1973). Acute hepatic 
necrosis and fulminant hepatic failure. Progress report. 
Gut, 14, 805-815. 


Sequelae of covert bacteriuria in schoolgirls. R. 
Verrier Jones and Cardiff-Oxford Bacteriuria Study 
Group. Cardiff. 

To determine the effects of covert bacteriuria on 
renal growth and scarring, a trial was conducted 
on 208 girls aged 5-12 who had bacteriuria detected 
by screening. 98 were observed for 4 years without 
treatment and 110 were treated. Treatment markedly 
reduced exposure to bacteriuria. 77% of the treated 
compared with 26°% of the untreated controls were 
free of infection for at least half of the 4-year follow- 
up. Despite this treatment had no effect on the 
emergence of symptoms, remission of vesico- 
ureteric (v-u) reflux, the growth of the kidneys, or 
the development of kidney scars. New kidney scars 
did not develop in previously unscarred kidneys. 
In 12 (6%) of the 208 girls progression of pre- 
existing scars was noted. The distinguishing features 
of this high risk group were the presence of kidney 
scarring on the initial x-ray, a high prevalence of 
v-u reflux together with persistence or recurrence of 
bacteriuria. In girls with unscarred kidneys the 
duration of bacteriuria was not correlated with renal 
growth or the clearance of v-u reflux. 

It is concluded that screening for covert bacteriuria 
cannot be recommended in schoolgirls since the 
kidney damage associated with infection arises before 
age 5. 


Failure to thrive or failure to rear? M. O’Callaghan. 
Nottingham. Published in full in the Archives, 1978, 
53, 788-793. 


Effect of pethidine antagonists on respiratory function 
in the newborn. J. E. H. Brice, T. A. Moreland, and 
C. H. M. Walker. Dundee. 

Four groups of babies were studied. In 3 the mothers 
had received pethidine within 4 hours of delivery 
and the babies in group 1 received no antidote, and 
in groups 2 and 3 recommended doses of intra- 
venous nalorphine and naloxone respectively. In 
the 4th (control group) the mothers had not been 
given pethidine. 

Respiratory function was measured by serial 
capillary blood gases, expired CO, and the alveolar 
ventilation (AV) was calculated. The neuro- 
behavioural state was measured by the Scanlon 
score. 

When compared with controls (mean AV at 
15 min —226-4 ml/min per kg), pethidine depressed 
ventilation (AV —166-.9 ml/min per kg) and 
naloxone only partially and transiently neutralised 
this effect (AV —185-2 ml/min per kg). The half-life 
of naloxone measured by an RIA method was about 
3 hours and in the light of both of these findings the 
dose has recently been increased and additional 
data will be presented. 

Nalorphine, on the other hand, had a stimulating 
and more prolonged effect for at least up to 13 hours 
(245.7 ml/min per kg) which was associated with 
obvious irritability, excessive crying, and reduced 
sucking reflex. 

These results suggest that, while the standard dose 
of nalorphine stimulates respiratory function, it also 
produces an undesirable excitatory state with no 
evidence of a depressive effect; that the value of 
naloxone is transient and that the recommended 
dose regimen of the latter may require revision. 


Two-dimensional echocardiography for rapid diagnosis 
of cyanotic heart disease in infants. A. B. Houston, 
E. N. Coleman, and N. L. Gregory. Glasgow. 

Cardiac surgery can now rescue most gravely ill 
infants suffering from congenital heart disease. 
Accurate and rapid diagnosis is essential but 
cyanotic defects often present particular difficulty. 
A new type of 2-dimensional echocardiography (a 
60? sector scanner using a single beam) was applied 
to 36 cyanosed infants; the diagnosis reached was 
compared with subsequent information from angio- 
cardiography and necropsy. The basic defect was 
correctly determined in 22 (61%), namely: great 
artery transposition (8), left heart hypoplasia (3), 
severe pulmonary valve stenosis or atresia (3), 
severe Fallot’s tetralogy or Fallot-type pulmonary 
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atresia (3), primitive ventricle (2), persistent truncus 
arteriosus (2), AV canal (1). Substantial diagnostic 
information was obtained in 11. In 2, echocardio- 
graphic findings were incorrectly interpreted; in one, 
reassessment questioned the angiocardiographic 
diagnosis. In several patients echocardiography gave 
vital information not given by angiocardiography. 
In most, diagnostic scanning took less than 5 min. 

A 2-dimensional unit added to the basic ultrasound 
equipment of most obstetric units could provide the 
neonatal paediatrician with a noninvasive diagnostic 
key to the common types of cyanotic congenital 
heart disease. In the cardiac diagnostic laboratory 
this technique has already made a striking impact 
on the diagnostic process. We now consider 2- 
dimensional echocardiography an essential technique 
in the investigation of the blue infant. 


A Perinatal Review Session was presented by the 
British Paediatric Perinatal Group under the 
chairmanship of Prof. J. P. M. Tizard, Oxford. 
Anomalous congenital anomalies. P. M. Dunn. 
Bristol. 

Patterns of asphyxial damage to the brain. Jean- 
Claudie Larroche. Paris. 

Fetal monitoring. J. F. Pearson. Cardiff. 

Neonatal intensive care. E. O. R. Reynolds. London. 


GROUP SESSIONS 
British Association for Paediatric Nephrology 


Nephrotic syndrome: clinicopathological relation- 
ships. H. L. Barnett. 


Peripheral blood lymphocyte populations and 
lymphokine production in children with steroid- 
responsive nephrotic syndrome. R. S. Trompeter. 


Delaying steroid therapy and spontaneous re- 
missions in relapses of steroid-sensitive nephrotic 
syndrome. R. J. Postlethwaite. 


Interstitial nephritis in childhood: a review of 8 
cases. S. Chapman. 


Use of the gamma camera in paediatric renal 
transplantation. R. Counahan. 


Shunt nephritis. J. G. Davies. 


Renal growth following reimplantation of the 
ureters. J. D. Atwell. 


Renin and blood pressure in children with renal 
scarring and vesicoureteric reflux. J. M. Savage. 


Renal lesion in Jeune's syndrome. A. H. Cameron. 
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British Paediatric Cardiology Group 


Clinical experience of closure of persistent ductus 
arterious in low birthweight infants. R. W. I. Cooke. 


Dental problems and infective endocarditis in 


childhood. P. G. Rees. 


Outlook for infants with very large ventricular 
septal defects. G. H. Watson. 


Cardiac arrhythmias in infancy—further evaluation 


by combined 24-hour respiratory and ECG tape 
monitoring. D. Southall. 


Corrective heart surgery in the first year of life. 
M. Tynan. 


Surgical management of the univentricular heart. 
D. I. Hamilton. 


British Paediatric Endocrinology Group 


Prostaglandin test for growth hormone deficiency. 
W. Hamilton. 


Somatomedin activity in the rabbit fetus decapitated 
in utero. D. J. Hill. 


How do you assess thyroxine dosage? S. J. Bodden. 


FSH secretion in response to TRH in normal and 
hypothyroid children. N. D. Barnes. 


Once a salt-loser, always a salt-loser? I. A. Hughes. 
Comparison of standard measurements of diabetic 
control with glycosylated haemoglobins in children 


with diabetes mellitus. M. Williams. 


Metabolic rate before and after dieting in obese 
children. L. Stimmler. 


Heredity and environment in the determination of 
body fat: a 15-year longitudinal twin study. L. J. 
Hawk. 


Use of saliva for measuring steroid concentrations 
in childhood. I. A. Hughes. 


Familial juvenile endocrinopathy. R. E. Pugh. 


Blount’s disease (tibia vara) in a child with Laurence- 
Moon-Biedl syndrome. M. J. Harran. 


Familial clinical oedema—a new syndrome? A. 
Auchterlonie. 


British Paediatric Gastroenterology Group 


Small intestinal intraepithelial lymphocytes in 
relation to diet in childhood. A. D. Phillips. 


Isolation and characterisation of intraepithelial 
lymphocytes. M. J. Brueton. 


Antigenicity of infant formulae: role of immature 
intestine of protein permeability. E. J. Eastham. 


Differential maturity of pancreatic enzymes in the 
newborn. J. F. T. Glasgow. 


Influence of gestational age and size on p-xylose 
adsorption in the human neonate. D. A. Ducker. 


Abnormalities of intestinal transport systems in the 


postenteritis syndrome (PES) and ‘toddler’ (non- 
specific) diarrhoea. J. H. Tripp. 


Prostaglandins in nonspecific diarrhoea. J. A. Dodge. 
Defective small intestinal absorption of neutral non- 


polar amino-acids in pancreatic insufficiency. P. J. 
Milla. 


Protracted diarrhoea associated with congenital 
vitamin B12 deficiency. D. C. A. Candy. 


Gastroenteritis in 1977—a year’s study of the 
clinical features of rotavirus infection. H. Lewis. 


Diagnosis of Crohn’s disease in childhood. C. A. 
Campbell. 


Enteroinvasive E. coli and the HEp2 tissue culture 
test. N. Evans. 


Collagen prolyl hydroxylase activity in childhood 
liver disease. M. S. Tanner. 


Liver histology in cholestatic jaundice of infancy. 
R. Nelson. 


Further evidence of a primary mucosal defect in 
coeliac disease. C. J. Rolles. 


British Paediatric Immunology Group 


Defective opsonisation in liver disease in child- 
hood. V. F. Larcher. 


Increased liability to infection after adenotonsil- 
lectomy. D. H. Garrow. 


Immunogilobin levels in serum, saliva and assessment 
of cell mediated immunity in children undergoing 
adenotonsillectomy. P. Hindocha. 


Interaction between neonatal and maternal lympho- 
cytes. J. G. Bissenden. 


Onset and site of synthesis of complement in the 
human fetus. M. Adinolfi. 


Incidence of antibodies to toxocara canis larvae. 
D. H. Garrow. 


Objective method of measurement of yeast op- 
sonisation. R. J. Levinsky. 


Deficiency of a T cell subset in ataxia telangiectasia. 
A. R. Havward. 


Febrile convulsions and IgA in nasal secretions. 
C. Fossard. 


British Paediatric Neurology Association 


Acutely raised intracranial pressure in children. 
J. K. Brown. 


Acute encephalopathies and their management. 
E. M. Brett. 


Status epilepticus—fact or fancy? I. A. McKinlay. 


Acute neurological problems in bacterial meningitis. 
S. H. Green. 


Medulloblastoma—a changing prognosis? N. 


McIntosh. 


British Paediatric Nutrition, Metabolism, and Pharma- 
cology Group 


Patterns of drug prescribing for children in hospital. 
G. W. Rylance. 


Comparison of postgrandial metabolism in low 
birthweight infants and malnourished children. 
O. G. Brooke. 


Milk lipids as a source of essential fatty acids in 
early infancy. T. J. Evans. 


Before the BPA: growth of infants before 1928 and 
today. E. M. E. Poskitt. 


When and why are babies weaned? P. W. Wilkinson. 


Assessment of drug metabolising activity in children. 
T. A. Moreland. 
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Disordered intestinal function in glycogen storage 
disease. P. J. Milla. 


Mineral and trace metal supplement for use with 
synthetic diets based on comminuted chicken. J. M. 
Thorn. 


Interrelationships between calcium, fat, and fatty 
acid absorption in the newborn. S. D. Meryon. 


Are cystine and taurine also essential sulphur 
amino-acids in preterm infants? H. M. Berger. 


British Paediatric Oncology and Haematology Group 


Lymphoblastic mediastinal tumours in children 
with and without bone marrow involvement at 
diagnosis. P. M. Mathew. 


Intraspinal neuroblastoma—another ‘favourable’ 


clinical pattern. J. Punt. 


Serum methotrexate levels in patients treated with 
methotrexate administered as an intravenous bolus, 
an intravenous infusion, and orally. C. C. Bailey. 


Evolution of a safe procedure for administration 
of high dose methotrexate. G. M. Baird. 


Studies on the cardiotoxicity of adriamycin in 
children. A. M. Marks. 


Bone marrow transplanatation in children. C. A. 
Juttner. 


The clot-promoting activity of human monocytes 
following exposure to IgG anti-D coated erythro- 
cytes. R. P. A. Rivers. 


Coagulation disorder in congenital metabolic 


disease. D. I. K. Evans. 


Sex and prognosis in childhood acute lympho- 
blastic leukaemia. J. H. Baumer. 


Testicular biopsy in ALL—a histological study. 
M. Lendon. 


Immunosuppression and serious infections during 
maintenance chemotherapy of acute lymphoblastic 
leukaemia in childhood. N. T. Rapson. 


British Paediatric Perinatal Group 
Behaviour of a surfactant monolayer. C. J. Morley. 


Diagnostic tests in neonatal bacterial infection. 
M. Cummins. 
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Theophylline dosage in the treatment of apnoea of 
prematurity. R. A. K. Jones. 


Absorption of chlorhexidine from the intact skin 
of newborn infants. J. Cowen. 


Paternal and maternal 
delivery. J. Jeffcoate. 


stress following preterm 


Clostridium butyricum as a pathogen in a special 
care baby unit. F. M. Howard. 


Mortality of babies of very low birthweight by place 
of birth and place of neonatal care. E. Alberman. 


Adverse effects of routine procedures on sick new- 
born infants. B. D. Speidel. 


British Paediatric Respiratory Group 


Effects of vaginal delivery and delivery by caesarean 
section on lung mechanics and lung volumes in the 
human neonate. A. D. Milner. 


Respiratory patterns of infants at increased risk of 
sudden unexpected death. J. B. G. Watson. 


Follow-up study of 50 children with previous chest 
infections due to mycoplasma pneumonia. J. Mok. 


Cystic fibrosis gene, IgE and IgG,. F. Carswell. 
Short term effects of chest physiotherapy on lung 
function tests in children with cystic fibrosis. 


P. Weller. 


Regional ventilation and perfusion with scoliosis. 
T. Macdonald. 


Immunological and genetic studies of allergic 
families. G. M. Gwynn. 


Lung function changes after bronchial provocation 
in asthmatic children. J. F. Price. 


Serum theophylline levels in asthmatic children after 
oral administration of two slow-release theophylline 
compounds. S. McKenzie. 


Family psychotherapy in childhood asthma—the 
results of a controlled study. B. Lask. 


British Paediatric Tropical Child Health Group 


Prevention of neonatal kernicterus in Singapore. 
M. C. K. Chan. 


Maternal and fetal nutrition in south India. J. R. 
Sibert. 


Effect of maternal anaemia on the placenta and 
fetus. K. N. Agarwal. 


Neonatal admissions to the paediatric medical 
wards of the Mulago Hospital, Kampala. P. M. 
Barnes. 


Neonatal tetanus in Goa. H. Mazumdar. 


Study of factors related to delayed hospitalisation of 
children in Madhya Pradesh. B. Mukerji. 


Pattern. of chronic handicap and provision of 
services in Tanzania. P. N. Christie. 


Indian childhood cirrhosis. S. Tanner. 
Community Paediatric Group 


The paediatric role in the care of mentally handi- 
capped children. G. Simon. 


Paediatric role in the care of mentally handicapped 
children. F. S. W. Brimblecombe. 


Paediatrician's role in child protection. C. E. Cooper. 
Uncooperative parents: experience in failure of 
assessment and treatment of preschool children. 


J. W. Partridge. 


DPT inoculation and the brain. G. Pampiglione. 
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Scottish Paediatric Society 


At the Summer Meeting held at Ninewells Hospital, 
Dundee on Friday 2 June 1978, the President, Dr 
R. A. Shanks, was in the chair. 


Scientific communications 


Testicular infiltration in acute lymphoblastic leuk- 
aemia. O. B. Eden (introduced) and E. M. Innes. 
Department of Paediatric Haematology, Royal 
Hospital for Sick Children, Edinburgh. 

Increased recognition of testicular infiltration in 
childhood acute lymphoblastic leukaemia coincided 
with realisation that even for ‘good prognosis’ boys’ 
5 years disease-free survival was at least 30% less 
than for girls. Of the 60 identified testicular relapses 
among boys entered in MRC UKALL trials I-II 
(1970 to December 1974) it was found that 29 
occurred as isolated events during first remission. 
Only 7 of these boys remained disease-free for 
13-43 months from testicular relapse in spite of 
intensive local and systemic treatment to most. 
Early haematological relapse was common. There- 
fore, prophylaxis seemed essential. To ascertain the 
‘at risk’ group, testicular biopsies were performed 
before cessation of chemotherapy. Of the first 90 
biopsies, 15% showed occult leukaemic infiltration. 
This exceeded the number with overt infiltration and 
implied a sanctuary for cells capable of reseeding 
the marrow or central nervous system. However, 
the intertubular spaces of many also showed con- 
siderable fibrosis and many tissue macrophages. 
Some antileukaemic drugs do reach this site causing 
considerable damage but not necessarily preventing 
leukaemic proliferation; the microenvironmental 
changes might indeed encourage such proliferation 
in some instances. Whether prophylactic irradiation 
can resolve the problem requires trial. The poor 
prognosis of those with overt disease and the drug- 
induced testicular changes should answer objections 
raised on the grounds of sterility being caused. 


Lomotil (diphenoxylate hydrochloride -- atropine 
sulphate) poisoning. J. A. Curtis (introduced) and 
K. M. Goel. Royal Hospital for Sick Children, 
Glasgow. 

To be published in full in the Archives, 1979. 54. 


Measles virus infections in malnourished children. 
J. F. B. Dossetor (introduced). Department of Child 
Health, Royal Hospital for Sick Children, Glasgow. 
Measles is a more severe infection in many 
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developing countries than in the United Kingdom 
today. Evidence suggests that the difference is due 
to increased host susceptibility which is itself due to 
the effect of malnutrition in depressing normal 
immune responses. In Zaria (northern Nigeria) 
evidence of persistent measles virus was sought in 
the blood and nasal secretions of 30 malnourished 
children who were failing to recover from measles. 
At the same time parameters of humoral and cellular 
immunity were measured and all results were 
compared with similar measurements in 25 well- 
nourished children who were recovering normally 
from measles. Evidence of virus was found in 407; 
of the malnourished children but in none of the 
controls. Cell-mediated immunity to measles and 
Candida antigens was also depressed in the mal- 
nourished children. Three of the malnourished 
children died of overwhelming measles infection 
6-20 days after the rash appeared; these had low or 
undetectable levels of measles antibodies at the time 
of death. Another child with a severe infection was 
not malnourished on anthropometric criteria but 
his level of serum albumin was low. 


Diet in Scotland with particular reference to dia- 
betic children. J. O. Craig. Royal Hospital for Sick 
Children, Glasgow. 

The incidence of diabetes at the Royal Hospital for 
Sick Children, Glasgow had been roughly parallel 
to the national intake of sugar from 1935 to 1960, but 
since then the curves had become dissociated, with 
the sugar intake falling and the incidence of diabetes 
rising. There had been no compensatory rise in the 
intake of other carbohydrates. Among the countries 
of the European Economic Community, people in 
the UK drink much milk, but take little fruit or 
green vegetables, with Scotland being particularly 
low in the last respect. Scotland does not differ from 
England in the amount of visible fat bought. The 
UK taste in fat leads to a low intake of polyun- 
saturated fat, and attention has recently been 
focused on the amount and quality of fat taken by 
diabetics. A limited carbohydrate diet (daily intake 
of carbohydrate in grams = 100 + age in years X 
10) means that a high proportion of calories comes 
from fat, although there is no absolute increase in 
the amount of fat taken. In considering the best 
diet for a diabetic child, local eating habits mus 
regarded as important. The diabetic child does not 
want to be different from his peers but subtle 
adjustments to his diet are possible and desirable. 
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Book reviews 


The Dying Child. By Jo-Eileen Gyulay. 
(Pp. 192; illustrated + tables. £6.25.) 
McGraw Hill: New York. 1978. 


‘Death itself is not painful’. This can 
hardly rank as a comforting thought, but 
it does help us a little to be able to separ- 
ate ‘death’ from the suffering which 
precedes it, consisting of bodily discom- 
fort, much unpleasantness, physical pain 
at times, and mental pain. The context 
from which I quote this remark is that of 
dealing with a dying child’s questions and 
the help it gives to parents and to us, the 
staff, if we can separate pain from death. 

Jo-Eileen Gyulay is one of those rare 
people who have become so familiar with 
death and dying that she is no longer 
afraid of them, and therefore is able to 
appreciate the extraordinary realism and 
fatalism with which many children can 
come to look at death. The fears, she says, 
are primarily the child's projections of what 
is emanating from the parents or family ; 
and much can be done to diminish them. 
There is no doubt however, that the 
initial realisation that there will be no 
recovery from the illness, and that there 
will be separation from the mother and 
father and loved ones, is frightening to 
any child who is old enough for such 
realisations. The thought of a child 
suffering under such fears is unbearable; 
so we keep it a deadly secret and deny to 
the child the facts on which the realisation 
depends. But this game is terribly difficult 
to play; especially if it is attempted with 
a school-age child, preserving the secret 
and the cenial right up to the end. Most 
of us have not the courage to play it any 
other way than by denial, secrecy, and 
dissembling. This is because we have not 
communicated with dying children, not 
allowed ourselves to listen and accept 
what a child is telling us about the events 
of the illness and the way things are 
going. 

A large part of Jo-Eileen Gyulay's 
book is about this situation, the conflicting 
feelings it creates, and how to work to- 
wards what she calls a ‘position of 
openness’. 

In 2 chapters she outlines typical 
reactions and responses first in the pre- 
school child and then in older children, 


from the time of diagnosis onwards, when 
the secure world ceases to exist and in its 
place comes a new environment filled 
with procedures, laboratory results, etc. 
centred on the disease. Children quickly 
realise ‘at feeling level’ that something 
bad is happening to them and to those 
near them. 

Examples of such reactions are: the 
phenomenon of ‘role reversal’ in which 
children become the main source of 
comfort and support to the parents in 
their emotional devastation which the 
child perceives; reassuring them, showing 
much courage, and saying comforting 
words to them. Or, the most distressing 
reaction of all, when parents are blamed 
for allowing bad things to happen and 
anger and hate are vented on them, and 
extremely wounding things are said. 
Many other examples are given of 
mechanisms for coping, or typical be- 
haviour that signifies not coping, by 
children of various ages and, of course, 
by parents. The difficulty of preserving 
openness is great, but the entanglements 
that go with denial are also great. 

‘In general’, the author states, ‘the 
stress of terminal illness does not bring 
families together—it divides them’. This 
is a sad and honest comment, made in 
spite of many heroic and touching 
statements of mothers, fathers, and the 
children themselves, which she quotes 
liberally. The stress is also liable to divide 
us, the staff, from each other and from 
our patients and their families, unless we 
learn to understand these reactions and 
to know what families go through. 

Two misgivings nevertheless arise. The 
policy of openness involves ‘telling’ a 
child the truth about his condition. 
What is told, the author states, depends 
very much on the staff’s attitude and that 
of the family. In paediatric practice in 
this country I think we would advocate 
that there should not be any ‘telling’, but 
simply that the child should have truthful 
answers or corrections when he tells 
us—i.e. any member of staff, at any 
stage, early or late in the illness, what he 
thinks is happening to him, or going to 
happen. The second is that the staff, as 
described in the book (which includes 
specialists directing treatment) for whom 
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the stress of the conduct of dying can b 
as divisive as it is for the family, have nc 
one person to hold them as individual 
or as a group in this stress. The con 
ventional view concerning psychiatrists i: 
that they are there for the diagnosis anc 
treatment of mental illness or behaviou: 
disturbance; and since death, grief, anc 
mourning are not psychiatric illnesses bu 
natural processes there is no place her: 
for psychiatry. In fact, all people unde 
these stresses, as individuals or as a team 
require the support of a person who " 
trained in the understanding of humar 
behaviour under stress—in other words < 
psychiatrist and in this context a chilc 
psychiatrist. 

The author could well be such a counsel. 
ling person, having acquired by long anc 
painful experience the necessary know- 
ledge and understanding. But as I have 
said, such people are rare. And there are 
many paediatric teams who must con- 
tinue to stumble along, helped by thi: 
book if they possess it, but still in need ol 
this trained person. 

This book will help anyone if he wil 
keep it at hand to refer to frequently 
when having to conduct the termina 
illness of a child. It is admirably written, 
with great compassion. 

There is a good index and a large 
bibliography with some 300 titles. Most 
of the books quoted are American and 
therefore are not always easy to obtain in 
the UK. Lindy Burton’s Care of the Chila 
Facing Death is not included, nor is 
Sylvia Anthony’s Child’s Discovery of 
Death, a pioneer book. Some of the 
articles or chapters are starred as being of 
particular interest to parents and, in the 
section on books for children about 
death, as highly recommended. 

It is an impressive compilation. Jo- 
Eileen Gyulay is a nurse writing primarily 
for nurses, but her book is of particular 
value to paediatricians, as they cannot 
often achieve the same closeness with the 
patient and parents. In her text she does 
not refer directly to the bibliography; it 
is there as a back up. What she writes is 
direct from her own experience and th 
understanding it has given her. 


DERMOD MACCARTHY 


urodevelopmental Problems in Early 
ildhood. Assessment and Management. 
lited by C. M. Drillien and M. B. 

mmond. (Pp. 499; illustrated + tables. 
20.50, hardback.) Blackwell: Oxford. 
977. 


is always a pleasure to review a book 
exe this one which has been conceived 
ad written to meet a genuine need. Too 
^any books sent to the editorial office 
re either transcripts of papers given at 
.mposia or further accounts of subjects 
ewn which there are already several similar 
Yorks. I do not know of any other 
olume which covers the same ground as 
iis new textbook, and it is certainly one 
which has been needed by doctors and 
ers who work in developmental 
ssessment and the care of handicapped 
Whildren. It is large enough to be detailed 
nd comprehensive, and 27 experienced 
uthors have contributed, including some 
sf the best known names in this field. 
“hey properly include some of the 
nportant nonmedical workers in assess- 
nent centres. 


Roughly half the book is concerned 
with examination and assessment, and 
^he other half with the common develop- 
mental and neurological disorders of 
warly childhood—such as mental re- 
ardation, cerebral palsy, epilepsy, and 
»roblems of speech, vision, and hearing. 
“The sections on developmental assessment 
"ontain rather too many, long, compressed 
wables, and would have benefited from 
"ugre illustrations. In this respect the well- 
llustrated accounts of developmental 
mssessment by Ronald Illingworth, 
Dorothy Egan, and Mary Sheridan are 
easier for the newcomer to follow. This 
900k actually contains no photographs, 
şt in some chapters this omission is 
nore than compensated for by the 
attractive and very informative line 
lrawings (by an artist whose name I 
:ould not discover). 


The chapters on disorders are mostly 
zood, rightly concentrating on the major 
eatures of the important conditions, and 
avoiding catalogues of rarities. The ones 
on cerebral palsy and on hearing loss 
seemed particularly helpful. 


The importance of developmental 
problems and their management is 
wcreasingly recognised; this book will be 
— value to those who deal with them, 


and especially those training to do so. 





R. J. ROBINSON 


The Place of Birth. Edited by S. Kitzinger 
and J. A. Davis. (Pp. 265; illustrated + 
tables. £7.50 hardback.) Oxford Uni- 
versity Press: Oxford. 1978. 


This refreshing book was born of dis- 
cussions which took place at the invitation 
of the National Childbirth Trust between 
obstetricians, paediatricians, psychiatrists, 
psychotherapists, statisticians, sociologists, 
midwives, and general practitioners. 

It presents the views of 22 authors who 
work in these fields and who have a 
common concern about the direction 
modern obstetrics appears to be taking, 
particularly in its increasing rejection of 
home delivery. The fact that one of the 
editors is Professor John Davis will, I 
believe, encourage paediatricians to read 
the book in the certainty that even if 
controversial and provocative it cannot 
be frivolous. 

Among the questions discussed are: 
How far may antenatal care be perfected 
to select the ‘safe’ home confinement? Is 
the policy of hospital births for all grow- 
ing too fast and too far, as judged from 
an analysis of regional statistics? Should 
the new obstetric techniques which have 
taken such a hold in recent years be 
more carefully evaluated, and is the 
hospital truly a place of minimal risk (in 
the broader sense) for mother and baby? 
Does the Dutch system of home births 
have lessons to teach us? 

The maternity services are looked at 
from the consumer's point of view as an 
individual and some of the less easily 
measured hazards to good parenthood 
and normal infant development are 
shown. The importance of a good 
beginning in the relationship between 
mother and baby with the advantages of 
home delivery in this respect are well 
described and special note is taken of the 
needs of the unusually vulnerable mother. 

All these articles demonstrate a strong 
bias towards resurrecting selective home 
obstetrics and there is little space given to 
argument from the other side, but the 
object of the book is to promote self- 
examination and rethinking which is 
always good. It is not as the preface 
points out, necessarily perverse to question 
whether minimum perinatal mortality 
figures should be reached at any price. 
And the price may sometimes be the 
individual's right of choice when the 
facts are known. 

Since this book was written there 
has been a widespread change for the 
better in attitudes towards more liberal 
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regimens for mother and child in our 
obstetric units. But can these moves to 
bring the good things of home confine- 
ment into the hospital setting ever really 
be successfully achieved? It is doubtful, 
and if we fail to think again about the 
feasibility of restoring a policy of well 
selected home delivery now the machine 
will have taken over and it will be too 
late. 

DAVID VULLIAMY 


Techniques de Chirurgie Pédiatrique. Edited 
by D. Pellerin and P. Bertin. (Pp. 598; 
illustrated + tables. F.fr. 360, hardback.) 
Masson: Paris. 1978. 


The editors have selected their 14 col- ' 
laborators from leading departments of 
paediatric surgery in Paris, Lyon, Mar- 
seilles, Toulouse, and Rouen to produce 
this excellent book on soft tissue surgery 
in infancy and childhood. Operations on 
the brain and the heart, as distinct from 
the great vessels are excluded. The subject 
is divided in 13 well selected chapters. 
Each of these is astonishingly compre- 
hensive, with a systematic presentation and 
uniformity of style in the brief and lucid 
text. There is a section devoted to the 
practical management of disturbances in 
physiology, and throughout there is an 
emphasis on fundamental features of 
surgical anatomy and operative technique. 
Despite this approach various alternative 
operative procedures are described in 
good detail. The clear print is on high 
quality paper and the illustrations, 
mainly line drawings, are generous and of 
superb quality. Indeed the illustrations 
alone make the book valuable to surgeons 
who are not scholars of French. Many of 
the references are to publications in 
English and the index is comprehensive. 
J. F. R. BENTLEY 


Shorter notices 


Care of the Handicapped Child: a Fest- 
schrift for Ronald MacKeith. Clinics in 
Developmental Medicine No. 67. Edited 
by J. Apley. (Pp. 145; illustrated + tables. 
£6-00, hardback.) Spastics International 
Medical Publications: London. 1978. 


Not a textbook but a collection of papers 
by 18 of the countless people who ad- 
mired him, in honour of a great paediatric 
teacher, and one who did much for 
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handicapped children. Opens with a 
beautiful, witty, and perceptive picture of 
the man by John Apley. The remaining 
chapters vary between the factual, the 
philosophical, and the rather mundane. 
David Scrutton’s highly intelligent and 
practical account of deformity and its 
prevention in the handicapped child 
would probably have given Ronnie the 
most pleasure. 


Children of Immigrants to Britain. Their 
Health and Social Problems. By E. de H. 
Lobo. (Pp. 116; illustrated -+ tables. 
£1.75, paperback.) Hodder and Stoughton: 
London. 1978. 


A concise, interesting paperback, giving 
valuable insight into the origins, customs, 
and characteristics of the various post- 
war groups of immigrants to Britain. A 
delight to read such a straightforward and 
sympathetic account of this politically and 
emotionally charged subject. Excellent on 
all sorts of things that are helpful for the 
paediatrician to know—like Asian family 
names and Sikh hair styles. Strongly 
recommended to paediatricians and social 
workers who see children of immigrant 
families. 


Mental Retardation and Related Dis- 
orders. Contemporary Neurology Series 


No. 17. By C. F. Barlow. (Pp. 146; table 
£14.30, hardback.) Davis: Philadelphi 
1978. 


Yet another slim volume on this 3 
problem. Written by the chief of neur 
logy at the Boston Children's Hospitz 
Brief but exceptionally thoughtful wit 
excellent discussion of some problems « 
differential diagnosis, e.g. mental di 
terioration in the epileptic child. Dea 
both with recognition of MR at varioi 
ages and (briefly) with known path 
logical causes. Would have benefite 
from illustrations and tables but contair 
much clinical wisdom from an expert. 
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Reappraisal of linoleic acid requirement of the young 
infant, with particular regard to use of modified cows’ 
milk formulae 


D. J. NAISMITH, SUSAN P. DEEPROSE, G. SUPRAMANIAM, AND M. J. H. WILLIAMS 


From the Department of Nutrition, Queen Elizabeth C ollege, and the Paediatric Unit, 
St Mary's Hospital Medical School, London 


SUMMARY Most infants in the UK are bottle fed with cows’ milk formulae that are alleged to 
provide less than the minimum requirement for linoleic acid, i.e. 1 % Of the total dietary energy. 20 
term infants fed solely on a modified cows’ milk formula that provided 0-55% of the energy from 
linoleic acid were therefore examined for evidence of deficiency. Rates of growth in length and weight, 
measured during the first 3 months of life, were identical with those of 20 wholly breast-fed infants. 
Voluntary food intakes (kcal/kg per day) followed the normal pattern. The fatty acid composition of 
the plasma lipids showed changes characteristic of a low intake of linoleic acid, but triene:tetraene 
ratios did not indicate a deficiency state, and clinical signs of deficiency were not observed. These 
findings suggest that the requirement for linoleic acid is substantially less than was formerly believed. 
The small amount of «-linolenic acid present in cows’ milk may however exert a sparing effect on 


linoleic acid. 


The experiments of Hansen and his colleagues 
(Adam et al., 1958; Hansen et al., 1958; Wiese et al., 
1958) clearly demonstrated that the human infant 
has a specific requirement for linoleic acid (18:2, 
n-6). Infants who were fed a skim-milk formula in 
which linoleic acid provided <0-1% of the total 
energy developed a deficiency syndrome, the main 
features of which were (a) a reduction in the plasma 
concentration of linoleic acid and arachidonic acid 
(20:4, n-6) associated with an increase in the con- 
centration of a triene; (b) impairment of energy use, 
shown by a pronounced rise in voluntary food con- 
sumption which was detected within 1-2 weeks: and 
(c) a characteristic dermatosis, a dry scaly thickened 
skin, which was apparent after 1-3 months of feeding. 
All symptoms disappeared promptly on treatment 
with the ethyl ester of linoleic acid, the so-called 
‘essential fatty acid’. 

In the body, linoleic acid undergoes alternating 
desaturation and chain elongation to produce its 
metabolically active derivative arachidonic acid. This 
process is not, however, confined to linoleic acid, 
but high concentrations of linoleic acid in the tissues 
appear to suppress the desaturation and chain 
elongation of other fatty acids. When the concen- 
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tration of linoleic acid falls, the monoene oleic acid 
(18:1, n-9) which may be synthesised from carbo- 
hydrate, is converted to the triene that was detected 
by Hansen and later identified as eicosatrienoic acid 
(20:3, n-9) by Fulco and Mead (1959). The presence 
of this fatty acid in significant amounts is taken to 
indicate a suboptimal intake of linoleic acid. It has 
been observed that clinical symptoms of deficiency 
appear when the ratio of eicosatrienoic acid to 
arachidonic acid in the plasma lipids, the so-called 
triene:tetraene ratio, exceeds 0-4 (Holman et al., 
1964), and so this value is generally regarded as the 
upper limit of normality. 

From the results of his studies, Hansen suggested 
that the minimum requirement for linoleic acid 
would represent 1% of the total dietary energy, 
although he did state that symptoms of deficiency 
had not been described in infants when fed cows' 
milk formulae that usually provide somewhat less. 
He further suggested that an optimal intake might 
well be the linoleic acid content of the milk of 
mothers eating the average American diet—approxi- 
mately 4% of the total energy. During the last two 
decades these views have not been seriously 
challenged, although advances made in the techniques 
of lipid analysis alone would justify a re-evaluation. 
In the few studies in which the effects of feeding cows' 
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milk on plasma lipid composition have been 
measured, the numbers of subjects have been very 
small, the conditions of the experiments have been 
poorly defined, and the results conflicting (Woodruff 
et al., 1964; Holman et al., 1965; Pikaar and 
Fernandes, 1966). 

We therefore sought evidence of linoleic acid 
deficiency in 20 infants fed solely on a commercially 
available full-cream cows’ milk formula during the 
first 3 months of life. 


Materials and methods 


Mothers were invited to participate in the study a 
few days after delivery of their infants in the 
maternity wards of St Mary’s Hospital Medical 
School. The subjects chosen had decided before their 
infants were born either to breast feed for at least 3 
months, or to bottle feed. All were primiparous as 
it was thought that mothers unencumbered with 
other children might cope more easily with the 
recording of feeds and the repeated intrusions of the 
investigators. Their ages ranged from 18 to 32, they 
had normal antenatal histories, and their infants were 
born between 38 and 42 weeks’ gestation with birth- 
weights > 2-5 kg. 

Twenty infants, 10 boys and 10 girls, were fed 
solely on artificial milk for 14 weeks. A few were 
occasionally given small amounts of orange juice, 
although the formula itself provided adequate 
amounts of ascorbic acid. Their mean birthweight 
was 3-60 kg. 7 infants, with a mean birthweight 
of 3-46 kg, received breast milk only for 14 weeks 
and acted as controls for the biochemical tests. For 
comparison of rates of growth, however, we used 
data from an earlier investigation (Ritchie and 
Naismith, 1975) in which 20 infants (again 10 boys 
and 10 girls) were wholly breast fed for the same 
length of time. Their mean birthweight was 3-54 kg. 

Measurements of the infants’ weights and lengths 
were made in the home at 10 days postpartum and at 
fortnightly intervals thereafter for a further 12 
weeks. Length was measured by the procedure of 
Tanner et al. (1966); weight was measured to the 
nearest 20 g using a Salter spring balance and a 
cradle constructed for the purpose. The values were 
immediately plotted on standard growth charts 
(Tanner and Whitehouse, 1973) and compared with 
the previous recorded value so that any discrepancy 
could be verified by repeating the measurement. 
- Mothers intending to bottle feed their infants were 
given a supply of the artificial milk (Glaxo Complete 
Formula) on leaving hospital, and this was replen- 
ished when visits were made to their homes. Before 
departure, the infants had received a fullcream milk 
formula in the hospital. 


Food intakes of the bottle-fed infants were 
calculated from records kept for one week at the 
beginning of the study, and again at 28-day inter- 
vals. Thus 4 measurements of food consumption 
were made. On each occasion, 2 new packets of 
food were used for the 7-day measured food intake, 
the unused food being weighed by the investigator. 
Feeds were prepared according to the manufacturer's 
instructions, and the number and volume of the 
feeds consumed were recorded by the mother in 
specially prepared food diaries, together with the 
intake of fruit juices, the only other foods permitted, 
and an estimate of food lost by regurgitation. As a 
further check, at the start of each 7-day period, the 
mothers put 4 levelled scoops of the powder into a 
polyethylene bag to be weighed in the laboratory. 
Although variation in making up the feeds was con- 
siderable, each mother was found to be surprisingly 
consistent in her measurements of the milk. Total 
energy intakes of the infants were calculated using 
analytical data supplied by the food manufacturer. 

At the end of the study the infants were examined 
for clinical signs of linoleic acid deficiency, and a 
heel-prick blood sample was taken for analysis of the 
plasma total lipids by gas-liquid chromatography. 
Lithium heparin was used as anticoagulant. The fatty 
acid composition of the lipids of the milk powder 
and of breast milk was also determined. 

Lipids were extracted from the plasma with a 2:1 
(v/v) mixture of chloroform and methanol, and non- 
lipid contaminants were removed by solvent 
partitioning (Folch et al., 1957). After saponification 
of the total lipid extract, the fatty acids were con- 
verted to methyl esters by treatment with boron 
trifluoride reagent (Morrison and Smith, 1964) and 
separated at 180°C ina 1-5 m x 6:4 mm glass column 


packed with 100 g/kg PEGA on Chromosorb W 


(100-120-mesh) AW/DMCS. A Pye-Unicam 104 
chromatograph fitted with a hydrogen flame ionisa- 
tion detector was used, the methyl esters being 
identified by comparison with authentic and 
secondary reference standards (Ackman, 1969). A 
special standard for eicosatrienoic acid (20:3, n-9) 
was prepared from the plasma of rats made deficient 
in linoleic acid. Lipids extracted from breast milk 
were analysed by a combination of silver nitrate 
chromatography and gas-liquid chromatography 
using three different stationary phases—PEGA, 
EGSS-X, and EGSS-Y (Sanders, 1977). 

Cows' milk fat is more complex in composition 
than is human milk fat because it contains many 
positional and geometric isomers of the mono- 
unsaturated and polyunsaturated fatty acids, products 
of biohydrogenation in the rumen of the cow. 
Complete separation of the biologically active form 
of linoleic acid (cis-cis 18:2, n-6) from its isomers 
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cannot be achieved by conventional gas-liquid 
chromatography alone. Preliminary fractionation of 
the methyl esters by silver nitrate thin layer chromato- 
graphy was used to remove the geometric isomers 
(cis-trans and trans-trans conjugated dienes) from 
the mixture. Two major positional isomers of cis-cis 
linoleic acid were then separated at 1609C on a 
3.0 m x 6-4 mm glass column packed with 80 g/kg 
Silar 10C on Chromosorb W (100-120 mesh) 
AW /DMCS at a carrier-gas flow rate of 10 ml/min. 
The major component, identified by mass spectro- 
metry of the trimethylsilyloxy derivatives, was 18:2, 
n-6. 

Values stated by the manufacturer for fat (19 g/ 
100 g milk formula) and energy (470 kcal/100 g; 
1-96 MJ/100 g) were used in our calculations, and a 
factor of 0-95 to allow for non-fatty acid lipid 
components. For statistical evaluation of the results, 
Student's ¢ test or, where appropriate, Student's t 
test for related samples, was used. 


Results 


Despite considerable efforts made to select subjects 
who might reasonably be expected to complete the 
study, the drop-out rate was approximately 40°%. 
The main factor contributing to this high rate of 
failure was the reluctance of mothers to withhold 
solid foods until the infant was 3 months. 

Analyses of midstream samples of breast milk 
supplied by the 7 mothers after 3 months of lactation 
showed little variation in the fatty acid composition. 
Linoleic acid (18:2, n-6) made up on average 6-9% 
of the total fatty acids, a value similar to that found 
for 5 pooled samples of breast milk obtained from 
different areas of the UK (DHSS, 1977). The fat 
and energy content of the milks were not measured, 
but if mean values from the report of the Depart- 
ment of Health and Social Security (1977) on human 
milk composition are used, linoleic acid would 
contribute 3-7% of the total energy, a figure that 
compares favourably with the ‘optimum’ intake 
recommended by Hansen and his colleagues (Wiese 
et al., 1958). 

Fat extracted from the batch of the milk formula 
that was used in the investigation was found to 
contain 1-6% of linoleic acid (cis-cis 18:2, n-6). 
Using this value it was calculated that linoleic acid 
could account for no more than 0-55% of the total 
energy in this product. 

The results of measurements of rates of growth in 
weight and in length, averaged for the 14 weeks, are 
presented in Table 1. No differences were found 
between the breast-fed infants and those receiving 
the milk formula low in linoleic acid. 


Table 1 Rates of growth in weight and in length of 
breast-fed and bottle-fed infants, measured over 14 
weeks: mean values + SEM 








Boys (n = 10) Girls (n = 10) 

g/day mm/|day g/day mm/|day 
Breast fed 27-1+1-57 1-0940-04 24.8--1.77 1-06+0-06 
Bottle fed 26:9+1-92 1-1740-06 25-04+1-23 1-12+0-08 





In the young infant, voluntary energy intake is 
known to fall steadily from about 120 kcal/kg 
(0-50 MJ/kg) per day during the first month to 105 
kcal/kg (0-44 MJ/kg) per day at 3 months (Beal, 
1970; Fomon et al., 1971). In the present study, 
energy intake was found to vary greatly among the 
infants, as indicated by the standard error of the 
mean (Table 2), but was consistent for individuals. 
During the period of study, the normal gradual 
decline in energy intake, expressed in relation to 
body weight, was observed. : 

In Table 3 are summarised the results of the 
analyses of fasting blood samples from breast- and 
bottle-fed infants. In the latter group, changes in the 
proportions of the major fatty acids that are charac- 
teristic of a low intake of linoleic acid were observed. 
In comparison with values for the breast-fed 
controls, linoleic acid (18:2, n-6) and its metabolite 
arachidonic acid (20:4, n-6) were much reduced, and 
eicosatrienoic acid (20:3, n-9) was greatly increased. 
However, in none of the infants that had received 
the cows' milk formula did the triene:tetraene ratio 
exceed 0-4. 

Clinical examination of the subjects at 3 months 
provided no evidence of linoleic acid deficiency. One 
bottle-fed infant suffered from a severe rash, mainly 
on the face, trunk, and creases of the thighs. The 
rash was not typical of infantile eczema or sebhorreic 
dermatitis, and persisted after a filled milk rich in 
linoleic acid was substituted for the cows' milk 
formula at the end of the experimental period. This 
suggested that linoleic acid deficiency was not the 
cause, a conclusion that was confirmed by the 
analysis of the infant's plasma lipids; the triene: 
tetraene ratio was 0-26. 


Table 2 Energy intakes of 20 infants fed a cows’ 
milk formula low in linoleic acid; mean values + SEM 





2 weeks 6 weeks 10 weeks 14 weeks 
Daily energy 
intake 
kcal/kg 1144 5.6 110+4-2 105+3-0 105 +4-3* 
MJ/kg 0-48+0-023 0-46--0-017 0-44--0-012 0-44+0-018 





* Value differs from that found at 2 weeks: 0-02 — P —0-05, 
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Table 3 Fatty acid composition of total plasma lipids 
in breast- and bottle-fed infants: values, calculated as 
g/100 g total fatty acids, are shown as mean + SEM 





Fatty acid Breast fed Bottle fed P 
(n = 7) (n = 20) 

12:0 1-23+0-39 0-70 +.0-07 NS 
14:0 3-46+0-33 4-01+40-36 NS 
16:0 24-50+0-78 26.90 +0-52 <0-02 
16:1 4-34+0-6l 5-84+0-18 <0-05 
18:0 8-80+0-46 8-38+0-32 NS 
18:1 29-80+1-43 35-70+0-74 0-01 
18:2 (n-6) 17-20+0-89 10-00 +0-57 0-001 
18:3 (n-3) 1-24+0-27 0-90+0-10 NS 
18:3 (n-6) 0-34+0-13 0-40+0-06 NS 
20:0 0-70+0-06 0-41 +0-05 <0-01 
20:3 (n-6) 1-17+0-19 0-96--0-07 NS 
20:3 (n-9) 0-15+0-02 0-66+0-06 0-001 
20:4 (n-6) 5-90+0-82 2-93+0-18 <0-01 
22:0 0-53+40-11 0-71+0-07 NS 
Triene/tetraene 0-028 +0-005 0-222+0-017 <0-001 





Discussion 


A dietary deficiency of linoleic acid in adults is 
unlikely to occur. Even the meanest cereal-based diet 
contains between 5 and 10% of vegetable fats, and 
therefore provides an adequate intake of linoleic 
acid. It is the infant population that could be at risk, 
but only when artificial feeding is adopted. The 
concentration of linoleic acid in breast milk is by no 
means constant, being readily influenced by the 
maternal diet. In well-nourished mothers, values for 
the linoleic acid content of milk fat ranging from 
6:3 to 31-7% (Read et al., 1965; Sanders, 1977) 
have been reported. Nevertheless, the proportion of 
the total energy derived from linoleic acid is invari- 
ably in excess of 1-0%. 

There is only one report of naturally occurring 
linoleic acid deficiency in infants (Naismith, 1973), 
although there have been several accounts of 
deficiency induced by prolonged intravenous feeding 
with preparations lacking in fat (Caldwell ef al., 
1972; Paulsrud et al., 1972; White et al., 1973). 

Cows’ milk fat contains between 0-8 and 1-9% of 
linoleic acid (Hall, 1970). If the milk is modified, 
usually by the addition of carbohydrate, in order to 
reduce its high osmolality, the proportion of fat is 
reduced, and consequently so is the contribution made 
by linoleic acid to the total dietary energy. The infant 
milk used in the present investigation was cows' milk 
modified by the addition of maltodextrin. The risk 
of linoleic acid deficiency arising from the use of 
modified cows’ milk formulae is, however, short 
lived. The present practice in the UK is to introduce 
cereal-based solids into the infant's diet before age 
3 months (Department of Health and Social 
Security, 1974) which promptly redresses the im- 
balance of polyunsaturated fatty acids in the plasma 
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lipids (Pikaar and Fernandes, 1966). For this reason 
we regarded 3 months as a realistic period for 
evaluating the effects of an intake of linoleic acid 
below the accepted minimum believed to be com- 
patible with good health. 


Our failure to observe skin changes in the bottle- 
fed infants was not surprising; the dermatosis 
characteristic of linoleic acid deficiency was produced 
by Hansen et al. (1958) only after many weeks of 
feeding a skim-milk formula. Fosbrooke and 
Wharton (1975) likewise failed to detect skin changes 
in 15 low birthweight infants who were fed for 3 
months a formula providing approximately 0-55; 
of the energy from linoleic acid. Their infants would 
have had the additional disadvantage of low body 
fat reserves of linoleic acid. In the experiments of 
Hansen and his colleagues the metabolic response was 
more rapid, a striking rise in voluntary food intake 
occurring within 2 weeks. In the present study, no 
abnormality in the rate of growth or deviation from 
the normal pattern of food consumption was evident 
in the artificially-fed infants. 


The changes in the plasma lipid composition that 
result from the withdrawal of linoleic acid from the 
diet are immediate. Triene:tetraene ratios greater 
than 0-4 have been found within a few days of 
initiating parenteral feeding with fat-free solutions 
(Paulsrud ef al., 1972). In none of our infants was 
this value exceeded, even after 14 weeks of feeding 
with the modified cows' milk formula. The triene: 
tetraene ratio may not, however, have been deter- 
mined solely by the intake of linoleic acid and its 
derivative arachidonic acid. The addition of «- 
linolenic acid (18:3, n-3) to the diet of rats made 
deficient in linoleic acid has been shown to depress 
the synthesis of eicosatrienoic acid, and thus to 
reduce the plasma triene:tetraene ratio (Morhauer 
and Holman, 1963). Furthermore, «-linolenic acid 
was found to stimulate growth and reduce the 
severity of the dermal symptoms. Although the 
formula we used contained only traces of arachidonic 
acid it did contain appreciable amounts of «-linolenic 
acid and its long-chain derivatives—approximately 
1 % of the total fatty acids. 


In conclusion, therefore, it cannot be stated 
unequivocally that the requirement of the human 
infant for linoleic acid can be satisfied by an intake 
representing 0 -55% of the total energy, although this 
may well be so. It can, however, be stated that a 
modified cows' milk formula providing this minute 
proportion of the total energy from linoleic acid, 
with a similar contribution from «-linolenic acid 
and its derivatives, is sufficient to prevent the clinical, 
metabolic, and biochemical manifestations of 
essential fatty acid deficiency. 


i 


^, 
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Variations in the resting oxygen consumption of 


small babies 


N. RUTTER, S. M. BROWN, AND D. HULL 


From the Department of Child Health, Nottingham University, and Nottingham City Hospital 


SUMMARY Over 200 measurements of the resting rate of oxygen consumption using an open-circuit 
method were made on 15 small babies nursed in their usual clinical setting during the first month 
of life. There were striking and persistent variations between babies that could not be explained by 
postnatal age, relationship to feed, sleep, or time of day. It was not possible from clinical examination 
to predict which babies had the higher or lower metabolic rates, except that babies who were light- 
for-dates generally had higher values. Because of these variations the appropriate thermal temperature 
for small babies cannot be predicted from average values adjusted for body weight and postnatal 


age alone. 


If a small baby is nursed in an environment which is 
too cold for him, he responds by increasing his rate 
of heat production to maintain body temperature. If 
this cold stress persists, it may reduce his chances of 
survival (Silverman et al., 1958), and result in a lower 
rate of growth (Glass et al., 1968). If his surroundings 
are too hot, he may try to lose heat by sweating, his 
body temperature may rise, and there is a risk of 
apnoeic spells (Daily ez al., 1969). It is therefore 
current policy in many neonatal units to try to nurse 
small babies at a temperature at which heat produc- 
tion is at a minimum and at which sweating does not 
take place. The range of ambient temperature over 
which this occurs is termed thermoneutral, and 
estimates of this thermoneutral range have been made 
for babies of different birthweights and postnatal 
ages, and for both naked and clothed babies (Hey 
and Katz, 1970; Hey and O'Connell, 1970). These 
estimates are based on measurements of heat 
production and evaporative water loss from babies 
nursed in an experimental metabolism chamber at 
different ambient temperatures. 

In practice however, it has proved difficult to 
nurse babies according to Hey's recommendations 
which are based on average values of resting heat 
production and require that babies of the same birth- 
weight and postnatal age are nursed under the same 
temperatures. It is our experience that nursing staff 
prefer to alter the incubator air temperature accord- 
ing to small changes in the baby's rectal temperature, 
whether his skin feels warm or cold, and whether 
he appears to be comfortable or restless. In effect, 
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they feel that babies vary in their temperature 
requirements. 

The object of this inquiry was to examine the 
individuality of a group of small babies in a newborn 
nursery by measuring their rates of heat production 
serially. 


Method 


Heat production was measured indirectly by deter- 
mining O, consumption using an open-circuit 
method, as described by Smales (1978). Warm, 
humid air was passed at a rate of 1-0 l/min through 
a soft rubber face mask secured over the baby's nose 
and mouth, and the O, content of the outflow 
measured with a paramagnetic oxygen analyser 
(Servomex OA250). The rate of O, consumption is 
the product of the rate of flow and the difference in 
O, concentration in the inflow and outflow gas. 
Measurements were made more than an hour after 
the end of a feed so as to minimise changes in O, 
consumption due to the specific dynamic action of 
food. The baby usually settled and went to sleep 
after the face mask was applied, and a measurement 
was then made 10 to 15 minutes later. Measurements 
were made over a period of 3 to 15 minutes when the 
record was stable. The resting O, consumption was 
calculated in ml/min, corrected to standard tem- 
perature and pressure, and expressed per kg body 
weight. 

Oxygen consumption was measured serially in 15 
babies. The first measurement was made within 24 
hours of delivery and subsequent measurements 
were made daily for the first few days and then less 


850 


í 


Variations in the resting oxygen consumption of small babies 851 


frequently. The period of study ranged from 13 to 31 
days (mean 22) and the number of measurements 
made on each baby was from 8 to 15. A total 
of 184 measurements was made. Informed consent 
of the mother was obtained. 

In addition, measurements were made at intervals 
during a period of 24 hours on 6 of the babies to see 
if there was any diurnal variation in heat production. 
The babies were cot nursed at the time of the 
measurements and their O, consumption was 
measured 6 or 7 times during the 24 hours, as 
described above. 

At each measurement the room temperature was 
recorded. If the baby was being nursed in an 
incubator, the incubator air temperature was also 
noted. The rectal temperature was recorded at the 
end of each measurement using a mercury thermo- 
meter inserted approximately 3 cm into the baby’s 
rectum, the standard method used by our nursing 
staff to measure body temperature. 


Subjects. Birthweights varied from 1-15 to 2-07 kg 
(mean 1-84) and gestational age from 33 weeks to 
term. Three babies were preterm with a birthweight 
appropriate for gestational age, 4 babies were term 
but with a weight below the 10th centile for gesta- 
tional age (light-for-dates), and 8 babies were both 
preterm and light-for-dates. All the babies were well 
from birth, although 3 developed jaundice requiring 
phototherapy, and one developed physical signs of 
a patent ductus arteriosus and early congestive 
cardiac failure. They were fed predominantly or 
wholly on a modified formula milk (Gold Cap 
SMA, Wyeth). 


Thermal environment. Measurements were made 
wherever the baby happened to be. Most babies were 
nursed in an incubator after birth for 1 to 4 days 
before being transferred to a cot, although the 
smallest baby was in an incubator for 21 days and 
the two heaviest babies were cot nursed from birth. 
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Babies nursed in incubators were usually naked 
apart from a disposable nappy. Radiant heat shields 
were not used. Incubator air temperature was 
selected by the nurses at a level thought to be 
appropriate for the baby. No incubator setting was 
adjusted for the purpose of the study. Phototherapy, 
if used, was delivered to incubator-nursed babies 
only. 53 measurements were on babies in incubators. 
Incubator air temperature varied between 31-5 and 
36-5°C. An analysis was made of all the incubator 
air temperatures to see how often they were within 
the thermoneutral range given in the charts (Hey, 
1971) for the appropriate birthweight and postnatal 
age, after a correction had been made for radiant 
heat loss to the inner surface of the incubator walls 
(Hey and Mount, 1967). On 31 occasions the baby 
was being nursed in an ambient temperature within 
or very close to the lower end of the thermoneutral 
range. On the other 22 occasions the incubator air 
temperature was below the recommended range. 
The cot-nursed babies were clothed in a long cotton 
night-shirt and covered with a sheet and two layers 
of cellulose blanket. The temperature of the room in 
which they were nursed averaged 27-5°C (range 
25.0-29.0 C). All 131 measurements on these 
babies were made under conditions which were 
thermoneutral according to Hey's estimates. 


Results 


The mean resting O, consumption of all the babies 
measured serially is shown in Fig. 1. As it was 
impossible to take readings at corresponding times 
in each baby, the results are expressed so that each 
point on the graph represents the mean of all 
readings made within a given span of postnatal age. 
The resting O, consumption rose from 5.5 + 0-6 
ml O kg^! min"! (mean -- SD) in the first 24 hours 
to 8-3 + 1-3 ml O, kg ^! min"! (mean +SD) from 
the beginning of the 2nd week. There was some vari- 
ation in each baby but, more strikingly, considerable 


+ 1 SD from the mean 


|I—.—1 = span of postnatal age represented by 
the mean value 


n — number of readings 


Fig. 1 Mean oxygen consumption of 
all 15 babies according to postnatal age. 
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Fig. 3 (a) Mean O, consumption in the first week 
according to class of baby. 4 babies were light-for-dates. 
(LFD); 8 babies were light-for-dates and preterm 

(LFD preterm), and 3 babies were preterm only. 

(b) Mean of all O4 consumption measurements made 
after the first week in each baby according to class. 


ption 
1) 
co 


en consum 
min 
o 


(ml O7kg! 
P 


Resting oxyg 
N 


0 


Time of measurement (h) 





Fig. 2 Serial resting O, consumption 
of 4 babies, 2 with the highest and 2 
with the lowest values. Mean values 
of all the babies (Fig. 1) are also 
included. 

Case 1, male twin, birthweight 1-15 
kg, gestation 34 weeks; developed 
physical signs of patent ductus 
arteriosus at 12 days. 

Case 2, male singleton, birthweight 
1-87 kg, gestation 38 weeks. 

Case 3, female singleton, birthweight 
1-76 kg, gestation 34 weeks. 

Case 4, female singleton, birthweight 
2-00 kg, gestation 34 weeks. 


variation between babies (Fig. 2). The resting 
O, consumption of the baby with the highest 
metabolic rate was approximately 50% greater than 
that of the baby with the lowest metabolic rate. 
Fig. 3 shows the mean resting O, consumption in 
the 3 different classes of baby. Those babies who were 
purely light-for-dates showed an earlier and greater 
rise in the first week (Fig. 3a), but the classes over- 
lapped (Fig. 3b). 

No correlation was found between resting O, 
consumption and rectal temperature. The diurnal 
pattern of resting O, consumption is shown in Fig. 4. 
There was no diurnal variation, the babies with the 
higher values remaining high and those with the 
lower values remaining low throughout the 24 hours. 


Discussion 


Our mean values for resting rates of O9 consumption 
at birth and their rise in the postnatal period are 
similar to those found by others (Hill and Robinson, 
1968; Bhakoo and Scopes, 1974), and in particular 
very like the results obtained by Hey (1969) using a 
closed-circuit metabolism chamber under conditions 
of strict thermoneutrality. In each baby there was 


Fig. 4 Serial measurements of resting 
O, consumption in 6 babies over a 
24-hour period. 
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some fluctuation in the rate of O, consumption over 
24 hours and from day to day. This variation might 
be technical or it might be due to changes in response 
to feeding or sleep state. Stothers and Warner (1977) 
found O, consumption to be only slightly increased 
during rapid eye movement sleep. We tried to avoid 
the effect of feeding on O consumption by only 
studying infants between 1 and 3 hours after a feed. 
However, these changes were small compared with 
the differences between individual babies, as is well 
shown in those 6 babies who were repeatedly 
measured during a 24-hour period (Fig. 4). To some 
extent, this difference in metabolic rate could be 
predicted according to the class of the baby. The 
more rapid rise after birth in the metabolic rate of 
babies who are light-for-dates is well known, and 
even after the first week, light-for-dates babies in our 
study tended to havea higher resting O consumption 
per kg body weight than babies who were preterm 
alone. However, there was considerable overlap 
between the different classes of baby (Fig. 3). One 
of the 2 babies with the highest resting O, consump- 
tion (Case 1, Fig. 2) was unremarkable for the first 
11 days, but her O, consumption then rose to more 
than 10 ml/kg^! min. At about this time she deve- 
loped the physical signs of a patent ductis arteriosus 
with early congestive cardiac failure. A left-to-right 
shunt is known to increase metabolic rate (Kennaird, 
1976). In conclusion, we found that a baby's meta- 
bolic rate could not be predicted by his birthweight 
and postnatal age, nor did we find any correlation 
between metabolic rate and rectal temperature. 
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Fig. 5 Diagrammatic representation of relationship 
between a baby’s rate of Os consumption and the 
environmental temperature. As the resting metabolic 
rate increases, the lower critical temperature falls. 


The implications of this study are illustrated in 
Fig. 5. When an infant has a high resting rate of O, 
consumption the critical ambient temperature below 
which the infant must increase his metabolic rate to 
support his body temperature is low, but the ambient 
temperature at which he is at risk of hyperpyrexia is 
also low. In contrast, when the infant’s resting 
metabolic rate is low, then the ambient temperature 
at which extra heat production is required is 
relatively high, as is the ambient temperature at 
which he is at risk of hyperpyrexia. 

The infants in this study thrived and gave no 
problem. Most were probably nursed in the thermo- 
neutral range as defined in the introduction, but of 
this we cannot be certain. If it is an advantage to 
keep infants at critical times after birth in thermo- 
neutral conditions and at the same time avoid 
the hazards of relatively high ambient temperatures, 
then some index of their metabolic rates or their 
responses to the thermal temperature needs to be 
sought, for the thermoneutral environment cannot 
be predicted for each infant on the bases of body 
weight, postnatal age, and rectal temperature alone. 


We thank Dr J. S. Fitzsimmons, Dr E. J. Hiller, and 
Dr A. D. Milner for allowing study of babies under 
their care, and the nursing staff of the Department of 
Neonatal Medicine and Surgery, Nottingham City 
Hospital for co-operation. 
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Nonphysiological anaemia of prematurity 


C. A. J. WARDROP, BARBARA M. HOLLAND, K. E. ANNE VEALE, J. G. JONES, AND 
O. P. GRAY 


From the Departments of Haematology and Child Health, Welsh National School of Medicine, 
and the Department of Biochemistry, University College, Cardiff 


SUMMARY Clinical and haematological findings at the nadir of the refractory, early anaemia of 
prematurity were compared in a study of 95 preterm infants. 53 % of 30 babies <32 weeks’ gestational 
age at birth had abnormal clinical features resulting from anaemia at its nadir, with a combination 
of tachycardia, tachypnoea, dyspnoea and feeding difficulties, diminished activity, and pallor. 
The expression ‘available oxygen’, derived from the Hb concentration and Hb-O, affinity, cor- 
related more closely with clinical features of anaemia than did the Hb concentration alone. A 
formula is presented that predicts the ‘available oxygen’, provided the Hb concentration and post- 
conceptual age are known; this avoids the need for direct measurement of Hb-O, affinity. Clinical 
anaemia is common in preterm infants with Hb concentrations of up to 10-5 g/dl, consequent. on 
the high O, affinity of fetal Hb. This is the first description of any common clinical consequence of 


high Hb-O, affinity. 


Refractory anaemia in the early weeks of life is 
common after preterm delivery, but its significance 
is controversial. Although the anaemia is usually 
regarded as ‘physiological’ and benign because it is 
self-limiting, blood transfusion becomes essential in 
some infants, prompted by such symptoms and 
signs as dyspnoea and feeding difficulties, diminished 
activity, poor weight gain, and even apnoeic attacks. 
Transfusion has also been recommended when the 
Hb concentration falls below 6-7 g/dl (Gairdner 
ét al., 1955; Seip and Halvorsen, 1956; O'Brien and 
Pearson, 1971; Davies et al., 1972; Stockman, 1975). 
However, in addition to the low Hb concentration, 
the high Hb-O, affinity of the preterm infant's blood 
(Delivoria-Papadopoulos et al., 1971; O'Brien and 
Pearson, 1971; Stockman et al., 1977) may impair O, 
release to the tissues. Consideration of this phe- 
nomenon is important to gain a meaningful assess- 
ment of this anaemia (Lancet, 1977a), but no 
information is available on the significance of 
altered Hb-O, affinity to the preterm infant. 

We report the interaction of the low Hb con- 
centration and high Hb-O, affinity in preterm infants. 
These findings are correlated with the clinical 
features of the early anaemia of prematurity. 


Patients and methods 


Babies admitted during a period of 2 years to two 
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special care baby units in Cardiff were studied. 
Gestational ages were <37 weeks by Dubowitz 
scoring. Ethical permission was obtained from 
hospital ethical committees. Clinical assessment was 
continuous in hospital and was repeated weekly or 
fortnightly after discharge. Investigative blood 
losses were <2 ml/baby each week. Supplements 
were given to prevent deficiencies of iron, folate, 
and vitamin E (Dallman, 1974). 

Clinical features were assessed by medical and 
nursing staff in charge of the infants. These 
staff were not connected with the study and knew 
only the Hb concentrations. The signs sought were: 
feeding difficulties, dyspnoea, tachycardia, tachy- 
pnoea, diminished activity, and pallor. These were 
recorded in the case notes at the time of observation. 
Babies showing a combination of these signs with no 
other clinical explanation were judged clinically 
anaemic. Capillary blood was examined in a 
Coulter S counter. 

Hb-O, affinity (P50 standard)* was derived from 
the simultaneously measured Hb-O, saturation and 
PO, in fresh whole blood at saturations of 40-50 9; 
and 50-60% using the IL 217 blood gas laboratory 
(Instrumentation Laboratories, UK). P50 in vivo 
was calculated from the P50 standard, correcting for 
pH and base excess (Lichtman e: al., 1974) measured 
on arterialised capillary blood. 


* P50 standard is the O; tension required to give 50% Hb-O; 
saturation at 37°C, pH 7-4, Pco, 5-32 kPa (40 mmHg).* 
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‘Available oxygen’ derived from the Hb con- 
centration and PSO in vivo, is the amount of O, 
calculated to be capable of release per dl blood, 
using the measured arterialised capillary PO, and a 
mixed venous PO, of 2-66 kPa (20 mmHg) (Jones 
et al., 1978). 


Results 

Results are reported from 95 preterm infants 
according to gestational age (group 1) 28-32 weeks, 
(group 2) 33-34 weeks, and (group 3)>35 weeks’ 
gestation. 


Haematological findings (Table 1a). In all babies the 


Hb concentration showed the expected fall until the 
nadir at 3-11 weeks after birth and then a rise. The 
nadir was taken as the time of lowest Hb concen- 
tration. At the nadir, the haematological values on 
which oxygen transport depends—the Hb con- 
centration, P50, and therefore the ‘ available OXy- 
gen’—were all lower than normal adult values. These 
differences were most pronounced in the infants of 
the shortest gestation (group 1), in whom the nadir 
also developed earlier than that of the infants in 
groups 2 and 3. 

There is a linear correlation between the ‘avail- 
able oxygen’ per g Hb and gestational age at 
birth+postnatal age (total age) of preterm infants 
(Fig. 1). It is, therefore, possible to predict the 


Table la Haematological findings (mean 4- S D) at nadir of anaemia 


————————ÓÀ€ 





Group 
1 2 3 
. (n — 30) (n =35) (n — 30) Adult* P valuest 
Gestational age at birth 28-32 33-34 35+ — 1 cf 2 1 cf 3 20/3 
(weeks) 
Age at nadir 5.9--2 7-442 7-8+2 -— — 0-01 — 0-001 0-20 
(weeks) 
Hb concentration 9-54+1-2 10-0+0-9 10-6+0-9 — <0-01 <0-001 >0-20 
(g/dl) 
Reticulocyte count (%) 4+3 2:54-3.5 2.542 <2 <0-05 <0-04 >0-20 
P50 standard kPa 2.7-4-0.3 2-8+0-3 2:9+40-3 3-2+40-2 >0-20 <0-02 >0-10 
in vivo 
kPa 3-0+40-3 3-1+0-3 3-2+40-3 3-6+40-3 >0-20 <0-06 >0-15 
Available oxygen 6-641-3 7-6+0-9 8-0+1-1 12-2+1-3 <0-01 <0-001 >0-10 
per dl blood 
Fe (umol/l) 18+6 16+6 20+7 10—35 — — — 
TIBC (gumol/l) 424-17 44 43- 12 49 4-17 35—70 -- -— — 


* Values for O, transport parameters are based on findings in healthy adults (8 men, 13 women ). 
TStudent's ¢ test. 

TIBC= total iron binding capacity. 

Conversion: SI to traditional units —P50: 1 kPa «7-5 mmHg. TIBC and Fe: 1 pmol ~5-6 ug. 
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Fig. 2. Hb concentrations and ‘available oxygen’ values in infants with and without symptoms of clinical anaemia 


at the nadir. Bars represent means-- S D. 


'available oxygen' from the measured Hb con- 
centration and the total age of an infant between 30 
and 50 weeks after conception from the formula 
(Table 1b) 


“Available oxygen’ 
(ml/dl blood) 


total age) _ Hb concentration 


= (0:54 4- 0-005 (weeks) (g/dl) 


Clinical features at the nadir (Table 2, Fig. 2). 53 % of 
group 1 infants showed clinical signs of anaemia: 
this clinical anaemia correlated well with the 
depression of ‘available oxygen’ but less well with 
either the low Hb concentrations or the low P50 
values alone (Fig. 3). In group 2 infants, of whom 


P50 in vivo ( kPa) 


O no symptoms 


@ Symptoms; 





Table Ib Comparison of observed and predicted* 
‘available oxygen’ values (mean+ S D) 





Group 
1 2 3 
Gestational + 
postnatal age 36 41 43 


(weeks) 
‘Available oxygen’ at 

nadir of anaemia 

Observed (ml/dl) 6 

*Predicted (ml/dl) 6- 
EARE 
*Derived from formula. 


Fig. 3 ‘Available oxygen’ v. P50 and Hb 
(means 3- S D) in group 1 infants with and 
without symptoms of clinical anaemia. 
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1575 showed the clinical signs of anaemia, the Hb 
concentration correlated as closely with these clinical 
abnormalities as did the ‘available oxygen’. Only one 
baby in group 3 showed clinical anaemia. 

Table 2 shows clinical and haematological data on 
infants judged by ward medical staff to need trans- 
fusion on standard clinical grounds. 


Discussion 


The haematological findings give detailed inform- 
ation on the ability of the blood to supply oxygen to 
the tissues at the nadir of the anaemia of prematurity. 
The lowest values are found in infants of the shortest 
gestation. The low level of ‘available oxygen’ in 
group 1 is a result of the interaction of the low Hb 
concentration and high Hb-O, affinity. The high 
Hb-O, affinity is a result of the infant’s dependence 
on fetal Hb, which is relatively insensitive to the 
effect of 2,3 diphosphoglycerate in facilitating O, 
release. In group 1, the higher reticulocyte counts, 
which also correlate inversely with ‘available 
oxygen’, suggest increased erythropoietin-related 
drive to the bone marrow—i.e. the infants are 
experiencing and partially responding to hypoxia. 
This runs counter to the suggestion that the anaemia 
reflects physiological autoregulation of erythro- 
poiesis by the preterm infant in whom oxygen 
requirements are diminished because of a low basal 
metabolic rate (Stockman, 1975). However, this 
question is vexed (E. N. Hey, 1977, personal com- 
munication) and the basal metabolic rate and O, 
consumption of preterm babies have been found to be 
increased compared with those of term infants (Hill 
and Robinson, 1968; Alvear and Brooke, 1977). 

Blood transfusion for anaemia was given, on 
standard clinical indications, on the decision of ward 
medical staff not connected with the study. Trans- 
fusion corrected the raised heart and respiratory rates 
as well as the other clinical abnormalities associated 
with anaemia (Table 2). This information further 
supports the concept of this anaemia as a patho- 
logical state. 

The cause of the refractory anaemia is probably a 
combination of the shortened survival of the fetal 
red cell (Pearson, 1967) and inadequate erythro- 
poetic response by the immature bone marrow of the 
preterm infant. Iron deficiency is not a contributory 
feature (Table 1a). 

The indications for blood transfusion should be 
based on clinical and haematological assessment 
(Davies et al., 1972; Lancet, 1977a; Stockman et al., 
1977). The clinical recognition of this anaemia is often 
difficult and Hb estimation alone may not be adequate 
for the diagnosis of anaemia, particularly in infants 
with other complications. Our findings show that the 
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assessment should include P50 measurement as well 
as Hb estimation, at least in the more immature 
infants. In these, Hb concentrations as high as 
10-5 g/dl may be associated with clinical anaemia 
due to reduced availability of O, because of the 
high Hb-O, affinity. 

Most babies<33 weeks’ gestation with a Hb 
concentration<10-5 g/dl have clinical anaemia. 
The clinical features of anaemia correlated better 
with the depression of ‘available oxygen’ than with 
the low Hb concentration alone in group 1 infants 
(Fig. 3). Equally good identification of clinically 
anaemic infants was obtained using ‘available 
oxygen’ values derived from the formula (Table 
1b). As only the Hb concentrations were known to 
the ward staff making these observations, the better 
correlation with ‘available oxygen’ could not be 
attributed to observer bias. If facilities are not 
available for measuring P50 the ‘available oxygen’ 
can be predicted using the above formula. Figs 2 
and 3 show that anaemia may be the cause of 
symptoms and signs in any preterm infant in whom 
the Hb concentration at the nadir is— 10-5 g/dl. 
Calculation of ‘available oxygen’ appears to offer no 
advantage over Hb estimation alone in the laboratory 
diagnosis of anaemia in most infants—35 weeks’ 
gestation. 

Early anaemia of the preterm infant, which 
would not occur during normal intrauterine 
development or during postnatal progress in the 
term infant, should be presumed unphysiological 
until proved harmless. 

We have demonstrated a highly unphysiological 
phenomenon—a defect in O, supply during the 
early weeks of life which correlates with a clinical 
syndrome of anaemia, most commonly seen in 
infants of shortest gestation. Clinical features— 
such as diminished activity, feeding difficulties, and 
dyspnoea at rest—while not usually life-threatening, 
signify an impairment of O, supply because of 
reduced availability from the blood. This occurs 
during the period of maximum brain growth 
(Dobbing, 1974) and could prejudice the child’s 
chances of achieving full potential in later life. It 
could also contribute to the chronic hypoxaemia 
which may underlie cot deaths (Lancet, 1977b). In 
the short term, the syndrome is readily corrected by 
blood transfusion; more information is needed 
about the effects of this anaemia on development 
and to determine the indications for and benefits of 
blood transfusion. The situation may parallel that 
in severe haemoglobinopathies where transfusion 
improves growth and development. 
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Immunological events in acute measles influencing 


outcome 


H. M. COOVADIA, A. WESLEY, AND P. BRAIN 


From the Department of Paediatrics and Child Health, and Natal Institute of Immunology, 


University of Natal, Durban 


SUMMARY 77%, of 30 children with measles who had severe lymphopenia (<2000/mm?; 

«2:0 x 10*/I) within 2 days of appearance of rash (group A) subsequently died or progressed to 
chronic chest disease. This was significantly worse than the outcome in 30 children with measles 
who had lymphocyte counts —2000/mm? (2:0 x 10?/I) (group B) of whom 67% recovered. 
In group A children the persistence of severe lymphopenia (caused by a reduction in T- and 
B-cells) for at least 15 days after onset of rash, remained a good predictive index of morbidity 
and mortality. Reversal of immunoparesis in group A was slower and incomplete 42 days from 
appearance of the rash in those who subsequently died or developed chronic chest disease compared 
with those who recovered. All patients who died failed to produce adequate measles antibodies. 
The therapeutic implications and immunopathological significance of these findings for chronic 


complications after acute measles are discussed. 


Lymphocytes which are necessary for mediating 
specific immune responses (Gowans, 1968—69) are 
easily and frequently measured in the peripheral 
blood and infrequently reduced in common illnesses 
(Zacharski and Linman, 1971). There appears to be 
an important link between lymphocyte numbers and 
the immediate and late complications of certain 
neoplastic and infectious diseases (Papatestas and 
Kark, 1974; Coovadia et al., 1977; Jackson et al., 
1977). Profound lymphopenia («:2000/mm?; «2-0 
x 10°/} during the exanthem in measles, generally 
distinguishes children who will die or develop 
chronic chest disease from those who will recover 
(Coovadia et al., 1977). 

There is extensive immunosuppression during 
acute measles (Coovadia et al., 1978) and elements 
of this persist for periods varying from 6 (Starr and 
Berkovich, 1964) to 52 weeks (Kipps ef al., 1966). 
In children with the late pulmonary sequelae 
(Coovadia et al., 1978) and with subacute sclerosing 
panencephalitis (SSPE) (Valdimarsson et al., 1974), 
there is a relative sparing of most measured 
indices of immunity with some subtle immuno- 
logical abnormalities. The sequence of immunological 
events occurring between paresis in acute severe 
disease and rehabilitation during chronicity is 
not understood. Elucidation of these changes 
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would assist in understanding the pathogenesis of 
chronic disease and may help in its prevention. 

We have attempted to clarify these points and 
consolidate our earlier findings (Coovadia et al., 
1977) by studying 30 children with measles who bad 
an initial severe lymphopenia («:2000/mm?) 
sequentially, from acute rash to recovery, chronic 
chest disease, or death. The outcome in this group 
has been compared with that in 30 children with a 
moderate initial lymphopenia (> 2000/mm*) during 
measles. 


Patients 


The nutritional state of all patients investigated was 
satisfactory. None had any of the clinical features of 
protein-calorie malnutrition and all were between 
the 10th and 75th Harvard centiles for weight with 
serum albumin 73-0 g/100 ml (30 g/I) (Table 1). 


Group A. 30 African children with absolute lympho- 
cyte counts <2000/mm? at 48 hours after the 
onset of the rash were studied sequentially. Blood 
for immunological studies (see methods) was taken 
within the first 15 days and on the 21st and 42nd day 
after the appearance of the rash. Chest x-rays were 
done on admission and on 42nd day. Their mean 
age was 19 months (range 6-72) and 14 were girls. 
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Table 1 Nutritional parameters in groups A and B 


Group 
A B 
Clinical features of protein-calorie 
malnutrition Absent Absent 
Harvard centiles of weight-for-age 
10-50 16* 18 
50-75 14 12 
Serum albumin (g/I) 38+0-62¢ 4041-07 


*Number of patients. 

{Mean 4: standard error, 

Differences between groups A and B for weight and serum albumin 
are not significant. 


Group B. 30 African children with absolute lympho- 
cyte counts >2000/mm? within 48 hours of the 
appearance of the rash, had their clinical course 
noted and chest x-rays done on admission and on 
day 42. Their mean age was 13 months (range 5-60) 
and 17 were girls. 


Normal controls. 30 healthy children, race and age 
matched with those in group A, had immunological 
tests (see methods), except for measles antibodies. 


Chronie chest disease. Observations in this unit 
suggest that children who have radiological evidence 
of pneumonia 6 weeks after appearance of measles 
rash, usually run a fluctuating course For months 
or years with persistent lung changes. For purposes 
of this study, chest x-rays taken on the 6th week 
were examined independently by a consultant 
radiologist and one of us (A.W.) without foreknow- 
ledge of the patient's clinical condition or group 
status, 

Bronchopulmonary changes were graded out of a 
total of 11 in the following manner: points to a 
maximum of 4 were awarded for areas of patchy 
consolidation, and one point each for atelectasis, 
involvement of peripheral lung fields—either by 
consolidation or emphysema—or for effusion. 
Increased vascular markings, increased interstitial 
pattern, and hilar shadow were each given a point. 
As these last three features are common in viral 
infection and not of great pathophysiological 
significance, an abnormal score was 4 or more. 
Children with a score of 4 or more on the chest 
x-ray after 6 weeks were classified as having chronic 
chest disease. 


Methods 


Lymphocytes were obtained from  defribinated 
peripheral blood passed through ‘Ficoll Hypaque’ 
columns. Subpopulations of lymphocytes were 
counted in a single preparation by means of sheep 


rosette formation and by an immunofluorescence 
method for detecting immunoglobulins described 
elsewhere (Brain ef al., 1976). Peripheral lympho- 
cytes were classified as rosetting cells (T), fluorescing 
cells (B), cells with no markers (null), and those with 
both markers (FT). 

Complement component C3 was estimated in 
plasma by radial immunodiffusion. Measles comple- 
ment fixing antibodies were measured in sera by a 
standard microtitre method using specific antigen. 
Statistical analysis of results was carried out by 
either the Student's ¢ or y? test. 


Results 


Initial lymphocyte counts and outcome (groups A 
and B). The mean initial absolute lymphocyte counts 
in group A (1318 + SEM 89/mm?*; 1-31 + 0-089 x 
109?/l) and group B (4232 + 314/mm?; 4-23 + 0-31 
x 109/I) were lower (P«0-0005 for both) than that 
in healthy controls (6833 + 553/mm?; 6-83 + 0-55 
x 109/D. In group A there was clinical recovery in 
7 children, chronic chest disease in 14, and death in 
9. However, in group B, 20 patients recovered, 10 
progressed to chronic chest disease, and none died. 
The differences between these two groups of patients 
for failure to recover (i.e. chronicity or death) and 
for progression to chronic chest disease alone, are 
significant (P<0-01, P<0-05 respectively). In 
neither group was there a significant difference in 
mean absolute lymphocyte counts in those in whom 
the course was unfavourable compared with those in 
whom the outcome was good. The mean age in 
group A children who recovered was 20 months 
(range 9-36), in those who developed chronicity it was 
22 months (range 6—72), and in those who died it was 
13 months (range 6-24). These differences are not 
significant (P— 0-05). The 9 deaths occurred between 
4 and 65 days after appearance of the rash and after 
a clinical course characterised by severe progressive 
pneumonia. 


Sequential lymphocyte counts and lymphocyte sub- 
populations (group A). (Table 2 and Figs 1-3). There 
was a rapid rise in absolute lymphocytes within 15 
days of appearance of the rash. However, during this 
period, of 14 patients whose lymphocyte counts did 
not rise above 2000/mm? (ie. 30% of normal 
control value), 12 failed to recover (6 died, 6 chronic 
chest disease). Similarly, of 10 patients whose T-cells 
persisted below 1268/mm? (1-26 x 10?/I) (i.e. 30% 
of controls), 9 did not recover (4 died, 5 chronic chest 
disease), and of 14 children whose B-cells remained 
less than 556/mm?; (0-55 x 109/D (ie. 30% of 
controls) 12 did badly (6 died, 6 chronic chest 
disease). During this period null cells were highest 
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Table 2 Lymphocyte subpopulations in group A patients and controls 








Case no. Day after Absolute Lymphocyte subpopulations CXR grades 
onsef of rash lymphocytes on 42nd day 
T B Null FT 
Patients who recovered 
2 1650 — — — — 3 
2 3 3741 2132 1459 150 37 3 
3 5 4680 3931 468 281 187 2 
4 5 4290 3218 $15 257 0 1 
5 5 3150 2520 599 32 32 2 
6 7 1200 924 228 48 0 2 
7 8 4840 3775 1016 48 48 3 
Ali 21 6684 + 1833" 5022 3:1159 1513 +674 150+66 108+45 
>0.05t >0-05 >0-05 <0-001 >0-05 
Al 42 7248 -4:1258 5603 +901 1459 +342 187+92 129 4-83 
0.05 20.05 20-05 « 0-001 0-05 
Patients who developed chronic chest disease or died 
8 2 2337 1355 935 47 47 5 
9 2 780 390 359 31 125 Died 
10 2 1482 — — — — 9 
11 2 1530 — — — — Died 
2 3 1836 1246 294 294 0 Died 
13 3 1032 753 7 41 21 Died 
14 3 3660 625 179 0 4. 
15 4 936 — — — — Died 
16 5 1870 1103 524 243 0 Died 
17 5 530 201 329 0 0 4 ^ 
18 6 5002 3902 950 150 200 4 
19 7 2190 2009 502 279 112 Died 
20 7 1287 978 309 0 103 4 
21 7 910 783 109 18 0 6 
22 8 10564 6972 1268 2324 |: 0 7 
23 8 1836 1175 294 367 73 8 
24 9 720 583 108 29 6 6 
25 9 6000 4680 1320 0 0 9 
26 10 9300 6789 1953 558 186 3 
27 11 3472 2535 451 486 0 7 
28 12 4300 3526 473 301 0 Died 
29 14 4620 3326 1016 277 0 6, Died 
30 15 5200 1144 0 4 
All// 21 4531 +4500 3280 4-326 836-493 215+58 88--27 
« 0-005 :05 «0-001 «0-001 0-05 
Allg 42 5075-633 38814447 19784-195 126-436 194443 
«0.05 20.05 «0-005 «0-001 0.20 
Healthy controls 
6833 4-553* 4228 4:365 1854 +169 756496 1214-38 





*Mean + standard error. 
tP value of difference between patients and contzols. 


Results of 5 patients; gResults of 10 patients; //results of 15 patients. 


in 6 patients who did not recover (2 died, 4 chronic 
chest disease) and, of 14 children who had an absence 
of FT cells, 12 did not recover (4 died, 8 chronic 
chest disease). 

The distinguishing pattern in absolute lymphocyte 
counts, T, B, null, and FT cells during the first 15 
days after onset of rash, between measles patients 
who recovered and those who did not, was less 
clearly detectable at 21 and 42 days. Lymphocyte 
subpopulations, except for null cells, had reached the 
level of aormal controls at the 3rd week after onset 
of rash in those who recovered. At the 3rd week of 
the rash lymphocyte subpopulations, except for FT- 
cells, were still significantly below normal in children 
who did not recover. At the 6th week only the T-cells 


in addition had reached normal in these children 
whereas the absolute lymphocytes, B-cells, and null 
cells were still significantly depressed. 


Measles antibodies (group A). (Fig. 4). Measles anti- 
bodies, during the 15 days after onset of rash, were 
below a titre of 1/10 in 6 of 7 children who sub- 
sequently died and below 1/32 in 6 of 9 who de- 
veloped chronic chest disease. In 6 patients who 
recovered, there were equal numbers who had low 
(<1/64) and high (1/640) titres. One patient who 
died had a titre of 1/640 on the 14th day after onset 
of rash and this rapidly fell to undetectable levels 
(«1/2) on days 21 and 42. A further patient who 
died had no detectable antibody on day 21. There 
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Fig. 1 Sequential absolute lymphocyte counts in 
group A patients and controls. 


was no distinguishable pattern in antibody levels 
on day 21 separating those who developed 
chronicity from those who recovered. By day 42 
most surviving patients had antibody titres of 
« 1/€4. 


C3 (group À). There were no differences in C3 
between children who did well and those who did 
not, at any stage of the disease. 


Discussion 


Children with measles at risk for mortality and 
serious morbidity have been identified by the severity 
of immunoparesis during the first 2 days of the rash. 
Estimation of lymphocyte numbers in the peripheral 
blood has been shown to be a reliable index of 
optcome in measles. More than, 75 75 of children with ; 
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Fig. 2 Sequential T-cells in group A patients and controls. 


a lymphopenia <2000/mm? during the early 
rash failed to recover; 30% died from pulmonary 
complications within a few days to two months of 
onset of the exanthem, while 47% developed 
chronic lung damage. When depression of immunity 
was less severe (lymphocyte counts —2000/mm?) 
recovery was more frequent and mortality insigni- 
ficant. However, these patients had a high incidence 
(33%) of chronic lung damage. This probably 
reflects a more critical examination of chest x-rays 
and strict criteria for admission to hospital, with 
entry being restricted to the moderately and severely 
ill children with measles. 

The profound immunosuppression during the 
first few days of the rash in measles which can 
determine prognosis has been shown to affect 
chiefly the T- and B-cell subpopulations with less 
severe effects on C3 and T-cell function assessed by 
phytohaemagglutinin transformation of lymphocytes 
(Coovadia et al., 1977). This quantitative defect in 
lymphocyte subpopulations was transient in most 
children with severe lymphopenia. However, when 
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Fig. 3 Sequential B-cells in group A patients and controls. 


this effect persisted for at least 15 days after appear- 
ance of the rash, it was nearly always associated with 
a poor outcome. 86-90% of these children with 
prolonged immunoparesis died or developed pro- 
gressive pulmonary damage, Estimation of lympho- 
cytes after 48 hours of the rash in those children with 
rapid though incomplete reversal of lymphopenia 
was not an accurate index of eventual recovery, 
continuing disease, or death. Some of these children 
recovered but many did not. 

The predictive value of null and FT-cells is less 
clear. In a previous series (Coovadia eż al., 1977), 
null cells were lower and FT higher in patients with 
lymphocyte counts —2000/mm?. This study however, 
showed that in group A FT-cells were undetectable 
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Fig. 4 Sequential measles complement-fixing antibodies 
in group A. 


and null cells higher for at least 15 days after the 
rash in those who did not recover compared with 
those who did. Null cells have also been reported 
to be raised in patients dying from smallpox (Jackson 
et al., 1977). These changes cannot be meaningfully 
interpreted until the function of these cells is more 
clearly understood. 

The transformation of lymphocytes by phytohae- 
magglutinin and the dialysed culture supernatant of 
measles-infected Hela cells in 12 group A patients 
studied sequentially was both inconsistent and un- 
helpful in distinguishing between those who did 
well and those who did not (Coovadia et al., 1977, 
unpublished). The other function of T-cells, particu- 
larly their co-operative helper role with B-cells 


which has been demonstrated to be defective in. 


measles (McFarland, 1974), 
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The mechanisms of lymphopenia in group A may 
be due to any or all of the following: an elevated 
cortisol level which is a frequent homeostatic 
response during stress; the ‘trapping’ of lymphocytes 
in peripheral lymphoid tissues; viral destruction of 
cells. The detection of severe lymphopenia in measles 
in the presence of exuberant lymphocytic formation 
in peripheral lymphoid tissues would make ‘trapping’ 
a likely event (Benjamin and Ward, 1932). Replica- 
tion of measles virus in T- and B-lymphocytes in the 
peripheral blood may well lead to destruction of 
these cells (Joseph ef al, 1975). Atrophy of the 
thymus, which is frequent in children dying from 
measles, would reduce the supply of T-cells to the 
periphery (White and Boyd, 1973). 

The function of measles antigen-sensitive cells is 
probably impaired during severe measles infection. 
Measles antibody responses in most children in 
group A were poor. Complement-fixing antibodies 
are usually detectable within a day of the rash, 
attain peak levels soon after the first week, and begin 
to decline after 2 months (Ruckle and Rogers, 1957). 
All the children who subsequently died failed to 
produce an adequate or sustained measles antibody 
response. The link in this study between chronicity 
and antibody levels was suggestive though it was not 
clearly different from the response in children with a 
favourable outcome. The muted antibody response 
in those children who did badly was probably 
clinically important as patients with secondary 
immunodeficiency who die or develop fatal Hecht’s 
giant cell pneumonia after measles also fail to 
produce adequate antibody (Mitus ef aL, 1959; 
Dossetor et al., 1977). Factors which are intrinsic or 
extrinsic to the antigen-sensitive lymphocyte may 
determine the quantity of specific antibody produced. 

A heavy viral load which binds specific antibody 
and nonspecifically inhibits the measles specific 
immune response may have accounted for decrease 
in measles antibody. Diminution in antibodies in 
these patients may have also been due to excessive 
measles antigen bombarding an intrinsically ab- 
normal lymphocyte. Either of these factors may 
have accounted for decreased antibody in those who 
did not recover and the unusually rapid diminution 
in antibody titres in group A as a whole. A genetic- 
ally determined inability of the lymphocyte to 
respond adequately to the virus may therefore be an 
additional and important reason for the recognised 
severity of measles in some African children (Morle 
et al., 1963). 

Acute death in measles could be due to over- 
whelming and irreversible immunological paralysis, 
detectable by lymphopenia and inadequate specific 
antibody response. Chronicity could be explained 
by less severe effects which would allow establishment 


of persistent virus infection. Viruses other than 
measles often complicate lung infection in measles 
(Kipps and Kaschula, 1976), and rarely brain 
infection in SSPE (Koprowski et al., 1970). Measles 
infection leading to SSPE occurs most often in 
children under 2 years of age (Modlin et al., 1977), 
when immunological responses are immature 
(Soothill, 1975) and infection is associated with a 
high mortality (Morley ef al., 1963). 

In this study those children who finally recovered 
had a more rapid reversal of lymphopenia than those 
who died or developed chronicity. There was in- 
complete immunological rehabilitation at 6 weeks 
in those who did not recover. However, when 
children with established chronic chest disease have 
been studied after 6 weeks, immunological recovery 
is almost complete (Coovadia et al., 1978). Similarly 
in SSPE, immunological parameters are generally 
normal except for alterations in measles specific 
immunity (Valdimarsson et al., 1974). These results 
suggest that long-term pulmonary and neurological 
sequelae of measles are probably owing to a transient 
widespread immunoparesis during early measles 
with persistent defects in specific immunity to 
measles and probably other viruses, whereas 
recovery follows less severe effects of shorter 
duration. 

The therapeutic implication of our studies is that 
children with measles who are at risk for death and 
chronic disease can be identified early in the disease, 
and intervention at this stage may reverse the severe 
immunosuppression which leads to rapid demise or 
modify the immunopathological changes progressing 
relentlessly in some cases to permanent lung and 
brain damage and occasionally to death. 
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Hypochondroplasia 
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SUMMARY ` Clinical, radiological, and genetic features are described in 3 patients with hypo- 
chondroplasia. Early recognition of this disorder is possible from the abnormal body proportions 
with short limbs and lumbar lordosis without facial stigmata of achondroplasia. Radiological 
confirmation is possible provided a full skeletal survey is made. Two of our patients had a large head. 


Hypochondroplasia is one of the milder varieties of 
chondrodystrophy, resembling a mild form of 
achondroplasia. Affected individuals are slightly 
short in stature with short arms and legs (Kozlowski, 
1965, 1973; Beals, 1969; Dorst, 1969; Hall, 1969; 
Murdock, 1969; Walker ef al, 1971). Although 
hypochondroplasia appears to be fairly common 
(Rimoin, 1975) there have been few cases described. 
We describe the clinical, radiological, and genetic 
features in 3 patients. 


Clinical details 


Case 1. A boy born in March 1967 at 36 weeks' 
gestation, after a normal pregnancy and delivery 
(birthweight 3-15 kg). The mother and father were 
then aged 28 and 30 years. The child was thought to 
have had a large head from birth and at the age of 
18 months he was suspected by a paediatrician of 
having achondroplasia. One year later the skull 
circumference was 56 cm and the anterior fontanelle 
was still open. He was not seen again until 82 years, 
at which time the limbs, particularly in their proximal 
portions, were noted to be short (Table 1). The 
hands were not trident shaped, but were hyper- 
extersible. Moderate lumbar lordosis was present. 
The rest of the examination, including intelligence, 
was normal. 


Case 2. A girl born 2 weeks post-term in July 1969, 
birthweight 3:94 kg. The mother and father were 
then aged 33 and 40 years. The mother had always 
considered the child's head to be large. At 17 months 
the infant was referred to hospital as she was still 
not walking, although other milestones had been 
normal. She had a skull circumference of 48:3 cm, 
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Table 1 Anthropometric data in patients with 
hypochondroplasia 


Anthropometric data Case 1 Case 2 Case 3 
At 3 At 7 
Age at measurement 
) 8-75 3.0 7°53 . 9.0 

Height (cm) 107.7 (3) 92.7 (50) 113.7 (10) 119-0 (3) 
Weight (kg) 21-6 (10) 16-4 (90) 20-0(10) 35.6 (90) 
Skull circumference 

(cm) 53-7 52.5 56-0 50-5 
Arm span (cm) 98.5 70-4 106-6 113-3 
Upper (U) body 

segment (cm) 56.3 53-9 60-0 85-0 
Lower (L) body 

segment (cm) 52-5 27.5 53-7 67-5 
Ratio U/L 1-1 2-0 1-11 1-2 
Figures in brackets are centiles. 


& wide anterior fontanelle (2:5 x 2:5 cm), posterior 
fontanelle (1 x 1 cm), and a diagnosis of arrested 
hydrocephalus was considered. Subsequent develop- 
mental progress was quite normal. 

At 3 years she was seen in the outpatients depart- 
ment because of loose stools, subsequently shown to 
be due to giardiasis. At this consultation, however, 
her body proportions aroused attention, in particular, 
the fact that her legs were short and bowed; the 
arms were also short (Table 1). There was a marked 
lumbar lordosis (Fig. 1), but the hands were normal. 
A clinical suspicion of hypochondroplasia was 
confirmed radiologically. Anthropometric data at 
7°5 years showed a slowing of the rate of growth 
(Table 1). Intellectual and educational attainment 
were normal. 


Case 3. A boy born in April 1968, birthweight 4:11 
kg, was born after a normal pregnancy of 38 weeks. 
The mother and father were then aged 22 and 30 
years. Since the age of 9 months his parents had 
thought him to be short in length. While in hospital 
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Fig. 1 Case 2 aged 3 years. Showing protruberant 
abdomen, lumbar lordosis, relatively long trunk and 
short limbs. 


at 14 months (after swallowing analgesia tablets) his 
body habitus was noted. Skeletal x-rays were inter- 
preted however, as suggestive of achondroplasia, 
and it was not until aged 7 years that review of the 
original films led to the correct diagnosis. 

At 9 years he was a sturdily built boy with 
relatively short limbs (Table 1) and a moderate 
lumbar lordosis. The hands were not trident shaped 
and skull size and facies were normzl. Intellectual 
function was also normal. 


Family data 


Consanguinity was not present in any of the families. 
Each of the parents was of local Ulster stock, with 
the exception of the father of Case 1 who was born 
in north-eastern Spain. None of the parents or other 
relatives resembled the index patient and all x-rays 
of the parents were normal. The parents except the 
father of Case 1 (157-5 cm) were of normal stature. 
Each patient had siblings: Case 1 had two healthy 
younger sisters, Case 2 had two older brothers and 
an elder sister, and Case 3 was the second of four 
children, being the only boy. The youngest sister of 
Case 3 had a right hare lip and cleft palate. 


Radiological findings 


Radiological examinations were made on the patients 
at ages ranging from 15 months to 9 years. 
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Spine. The main feature was narrowing of the spinal 
canal with tapering of the interpedicular distance in 
the lumbar region (Fig. 2). In Case 3, this was only 
apparent at 9 years, as at 15 months only a lack of 
widening was seen. In Case 2 there was spina bifida 
occulta of SI and S2. In all patients the articulation 
of the sacrum on the iliac bones was low, and the 
lumbar lordosis was slightly exaggerated in patients 
who were weight-bearing. 


Pelvis. The iliac and pubic bones were slightly 
smaller than normal. The sacrosciatic notches were 
rather small and the pelvic brim appeared to be 
flattened in the A-P diameter (Fig. 3). 


Long bones. In all patients the long bones were short 
and broad with metaphyseal flaring (Table 2; Fig. 3). 
In Case 1 in infancy there was an inverted V-notch 





Fig. 2 Case 2 aged 3 years. There is slight narrowing 
of the interpedicular distance in the lower lumbar 
spine, and spina bifida occulta of upper sacrum. 
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in the lower femora, and in Case 2 at age 3 there 
was medial beaking of the upper tibial metaphyses. 
The lower end of the fibula appeared longer than 
normal in Cases 2 and 3. The femoral necks were 
short in each patient. 

The hands showed relatively short metacarpals 
and short terminal phalanges giving short and stubby 





Fig. 3 Case I aged 18 months. The femora and 
tibiae are short and thick with metaphyseal faring. 
Pelvis shows small sacrosciatic notches and a short 
A-P diameter of the brim. 


Table 2  Radiographic lengths (cm) of limb bones 
AE OPE E T DUE ER RE ROOM aoc Aus iie: 





Ages Humerus Radius Ulna Femur Tibia Fibula 
(years) 
CEPE 
Case 1 
1-5 9.0 7-2 8-0 12-3 9-7 10-0 
(11-0) (8-4) (9-4) (14-5) (11-5) (11-3) 
Case 1 
8.6 15.6 12-5 13-3 23-0 17-3 17-6 
(20-6) (15-5) (17-0) (30-4) (24-1) (23-9) 
Case 2 
3 12-2 9.2 10-3 16-7 12-6 13-2 
(13-2) (9-9) (11-0) (17.8) (14-0) (14-1) 
Case 3 
1-25 — — — 11-4 8.9 9.0 
(12.8) (9.9) (9-6) 
Case 3 
9 18.5 12-8 14-5 25-2 18-8 19-5 
(21-2) (15-8) (17-5) (31-3) (24-6) (24-6) 








Figures in brackets are lower limit of normal (Maresh. 1955). 


fingers. In Case 2 there was maldevelopment of the 
metacarpals of the Sth fingers with cone-shaped 
epiphyses and slight clinodactyly. In Case 3 at age 9 
the lower ends of the ulnae sloped obliquely inwards 
(Fig. 4). 


Skull. In Case 3 the skull was normal. In Case 1 at 
age 18 months the A-P diameter of the skull was 
increased with frontal prominence (Fig. 5). In Case 2 
at 17 months the skull vault was of abnormally large 
capacity and increased height, with a wide open 
anterior fontanelle. At age 3 years the anterior 
fontanelle had closed and the sutures were normal, 
but the shape of the skull was unchanged. 





Fig. 4 Case 3 aged 9 years. The lower ulna is short 
with an oblique articular surface. 


Fig. 5 Case I aged 18 months. There is frontal bossing 
and the A-P diameter is long. 


ov 


25 


Chest. No abnormality was seen in the heart or lungs. 
In Cases 2 and 3 there was slight tapering of the 
posterior ends of the lower ribs and the clavicles 
appeared narrow and straight. 


Family studies. Skeletal x-rays were obtained of both 
parents in each family. The father of Case 1 showed 
a lack of widening of the interpedicular distance in 
the lumbar spine, but no actual tapering. He showed 
no other changes suggestive of hypochondroplasia 
and his tubular bones were of normal proportion. 
X-rays of the other parents were entirely normal. 


Discussion 


Hypochondroplasia, a mild form of chondrodys- 
trophy is probably more common than is generally 
realised, but has been little reported in Britain. It 
often goes unrecognised in childhood or is mistakenly 
diagnosed as achondroplasia. Clues to accurate, early 
diagnosis are the abnormality of body proportions 
with short limbs and lumbar lordosis, but without 
the extreme short stature or facial stigmata of 
achondroplasia. Cases 1 and 2 had large skulls with 
abnormally wide anterior fontanelles, which may 
have been clinically confusing. 

Early recognition is important as it may prevent 
unnecessary investigations and help to allay parental 
anxiety. This is particularly true in terms of differen- 
tiation from achondroplasia, as prognosis for ulti- 
mate height is more favourable in hypochondroplasia. 
The height of the father of Case 1 is below the 3rd 
centile. His son is much shorter than the other two 
cases because genes determining stature probably 
modify expression of the gene for hypochondroplasia. 
A better prognosis can also be given regarding 
neurological complications which may develop in 
adults with achondroplasia. Cranial and spinal 
nerve compression have not been recorded in hypo- 
chondroplasia. Intelligence was normal in all 3 
patients, but in other series there has been an associa- 
tion with mental retardation. The incidence of this 
was high (5 out of 11) in the patients of Kozlowski 
(1973) but Beals (1969) found only 2 of his 16 
patients to be affected. 

Radiological confirmation of hypochondroplasia 
is quite simple, provided a full skeletal survey is 
undertaken (Kozlowski, 1965). The long bones are 
shorter than the normal range for age (Table 2). 
They are also broader and slightly bowed with 
mildly flared metaphyses. 

Beals (1969) found that the shortening of the long 
bones was frequently mesomelic, but in our cases 
shortening affected the long bones equally. The 
vertebral changes, which are important, consist of 
mild tapering of the spinal canal and low articulation 
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of the sacrum on the iliac bones. The pelvis is 
small with normal flaring of the iliac wings, but 
slight flattening of the A-P diameter of the pelvic 
brim. These changes were present in all our patients. 

Other reported abnormalities include slight 
shortening of the ulna relative to the radius at the 
wrist, enlargement of the radial aspect of the distal 
ulnar metaphysis (present in Case 3 at age 9 years), 
and elongation of the ulnar styloid, which is seen 
only in older patients in whom the ulnar styloid is 
developed fully. Obliquity of the lower end of the 
distal uIna, present in Case 3 at 9 years, has not been 
described previously. Elongation of the lower fibula 
was seen in our patients, but the varus deformity with 
which it may be associated has not yet developed. 

The skull in hypochondroplasia is often described 
as normal. Spranger et al. (1974) mentioned that a 
moderate increase in the size of the neurocranium 
may occasionally be seen, and Kozlowski (1973) listed 
several minor skull changes—including bulging of 
the cranial vault, increased depth of the posterior 
fossa, shortening of the base, and narrowing of the 
foramen magnum. Cases 1 and 2 each had a large 
head with delayed closure of the fontanelles which 
led to erroneous diagnoses of achondroplasia in 
Case 1 and arrested hydrocephalus in Case 2. Àn 
early diagnosis of hypochondroplasia may be 
facilitated by recognition that the skull is not always 
normal. 

Differential diagnosis is from achondroplasia, 
metaphyseal chondrodysplasia (type Schmid), and 
the normal but heavily built person of short stature. 
Differentiation is made mainly on radiological 
findings. 

In achondroplasia the skull, hands, and feet are 
affected and the limb shortening is rhizomelic. The 
x-ray changes, while qualitatively similar, are much 
more severe than in hypochondroplasia. In the 
Schmid form of metaphyseal chondrodysplasia there 
is metaphyseal flaring and the x-ray appearances of 
the long bones, particularly at the knees, in both 
conditions may be similar. Usually in metaphyseal 
chondrodysplasia there is also widening and irregu- 
larity of the growth plates and coxa vara while spinal 
changes are absent. In the normal person of short 
stature, no abnormalities are present on skeletal 
radiography. 

Hypochondroplasia is inherited as an autosomal 
dominant trait (Rimoin, 1975). Many reported cases 
have been sporadic as were our 3 patients, presum- 
ably owing to fresh dominant mutations. Advanced 
paternal age, initially set forth by Penrose (1955), 
has been documented as a factor in sporadic fresh 
mutational cases of several autosomal dominant 
disorders—such as achondroplasia and Apert’s 
syndrome. In our patients, the fathers' ages were 30, 
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40, and 30. Hypochondroplasia is distinct from 
achondroplasia. McKusick et al. (1973) described 
parents, one with achondroplasia and the other with 
hypochondroplasia, who had a child whose disease 
was different from heterozygous achondroplasia, 
homozygous achondroplasia, and heterozygous 
hypochondroplasia. They postulated that achondro- 
plasia and hypochondroplasia are allelic disorders. 


We thank Dr Ruth Imrie and Professor I. J. Carré 
for permission to publish details of Cases 1 and 2. 
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Cystic fibrosis, atopy, and airways lability 
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SUMMARY Ina survey of cystic fibrosis (CF) in the Avon area, 48 children with CF from 40 families 
together with 71 of their parents were studied by spirometry, exercise tests, and pinch tests. 
A control group of 42 young adults was similarly tested; control data for children were taken from 
previously published work. The prevalence of atopy (any positive prick test) in children with CF 
was 48%. Sensitivity to grass pollens and house dust mite was no more common in these children 
(29 75) than in a normal population (34%). Hypersensitivity to Aspergillus fumigatus was found in 
35% of children with CF and was associated with severe lung disease. The parents had a normal 
pattern and prevalence of atopy. Exercise-induced airways obstruction was present in only 22% of 
children with CF; its association with severe lung disease rendered interpretation difficult. The 
parents had a normal response to exercise. Both hypersensitivity to A. fumigatus and exercise- 
induced airways lability had the features of acquired characteristics. There was nothing in the present 


study to support the hypothesis that the possession of a CF gene predisposed to atopy. 


The prevalence and importance of allergic disease in 
children with cystic fibrosis (CF) is a topic of 
dispute. Some studies have shown a high prevalence 
of allergic (or atopic) respiratory disease (Warren 
et al., 1975; Warner et al., 1976a), whereas others 
have failed to show any difference in prevalence 
between children with CF and normal children 
(Kulczycki et al., 1961; Rachelefsky et al., 1974). 
Likewise, it has been suggested by some that atopic 
hypersensitivity in CF is associated with severe lung 
disease (Warner et al., 1976a), and by others, with 
relatively mild lung disease (Rachelefsky ef al., 
1974). 

Similarly, the prevalence of allergic disease in the 
parents of children with CF has varied in different 
studies. Some workers have found an association 
between atopy and the CF gene (McFarlane and 
Allan, 1976; Warner et al., 1976b), while the evidence 
of others seems to contradict this (Counahan and 
Mearns, 1975). Many studies have been based on 
data collected at specialist referral centres, patients 
attending such centres being highly selected and 
unrepresentative of the total population of patients 
with CF. 

We studied prospectively, the families of children 
with CF living within a defined geographical area. 
As well as measuring lung function and atopic 
hypersensitivity, we assessed airways lability in the 
children and their parents. 
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Subjects and methods 


Children with CF currently living within the Avon 
area were traced through their records at the Royal 
Hospital for Sick Children and Southmead Hospital, 
Bristol. 40 of 42 families approached (48 children 
and 71 parents) agreed to take part in the study 
(Table 1). Six single-parent families and 3 parents 
who refused to co-operate accounted for the missing 
parents. 42 medical students acted as controls. No 
subject had received any bronchodilator, anti- 
histamine, or antiasthma drug on the test day. 
After a history had been recorded for each subject, 
peak expiratory flow rate (PEFR) was measured 
using a Wright peak-flow meter, and a forced 
expiratory spirogram, for calculating forced expira- 
tory volume in one second (FEV,), maximum mid- 
expiratory flow rate (MMFR), and forced vital 
capacity (FVC), was recorded using a Vitalograph 
spirometer. Normal values for lung function for 








Table 1 Subjects 
CF Parents Adult 
children controls 
Total no. 48 71 42 
Mean age (years) 7-6 36 22 
Sex (M/F) 24/24 32/39 28/14 
Tests 
pulmonary function 42 69 42 
exercise 36 68 42 
prick tests 48 71 42 
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children were taken from Godfrey et al. (1970) and 
Cogswell et al. (1975), and for adults from Cotes 
(1975). Not all the children were old enough to 
perform lung function tests, or the exercise tests which 
followed (Table 1); heart disease and advanced 
pregnancy were reasons for some of the parents not 
completing all the investigations. 

Exercise testing consisted of continuous running 
for 6 min on a treadmill set at a speed and slope 
calculated to produce a final heart rate of about 
170/min (Silverman and Anderson, 1972). PEFR 
(the best of 3 attempts on each occasion) was recorded 
before, during, and for 20 min after exercise. Pulse 
rate was counted at the end of exercise. Two indices 
of airways lability were calculated: (1) the rise in 
PEFR during exercise (% of the initial value), and 
(2) the fall in PEFR after exercise (% of the initial 
resting value). The values of these indices in 60 
normal children were obtained from Anderson 
(1972). 

Prick (intracutaneous) tests were performed on the 
forearm, by a standard technique (Pepys, 1975), 
using the following 10 Bencard extracts of common 
antigens: Dermatophagoides pteronyssinus, mixed 
grasses, Cladosporium, Alternaria, Aspergillus fumi- 
gatus, Candida species, milk, egg, cat, and dog. A 
weal of more than 2 mm at 15 min was accepted as 
positive, in the absence of any reaction to the control 
solution. In the present study atopy is defined as the 
manifestation of immediate hypersensitivity to at 
least one of the antigens tested. The prevalence of 
atopy in normal children was obtained from Godfrey 
and Griffiths (1976). 

For each child with CF, a recent chest x-ray was 
inspected by one of us (I.R.S.G.) without knowledge 
of any other result, and assessed according to the 
system of Chrispin and Norman (1974), to give the 
x-ray score. The higher the score, the worse the 
disease. 

Approval for the study was obtained from the 
Bristol Health District Ethical Committee. 

Results were analysed by y? tests (including Yates's 
correction for small numbers) or by ż tests for 
unpaired samples (Swinscow, 1977). 


Results 


Atopy. The prevalence of atopy (as defined above) 
of 48% (Table 2) was higher in children with CF 
than in normal schoolchildren, but the difference 
was not significant (y? = 3-49; 0-1>P>0-05). 
Considering only hypersensitivity to D. pteronyssinus 
and grass pollens, 29% of CF children were atopic 
and the distribution of hypersensitivity to these 2 
agents was not significantly different from the value 
of 34% in normal children (Godfrey and Griffiths, 


Table 2 Prevalence of atopy 








Children Adults 
CF Controls* Parents Controls 
No. tested 48 303 71 42 
Overall prevalence 
(%) 48 34 34 40 
Sensitive to (%) 
D. pteronyssinus 13 26 20 26 
Mixed grasses 25 24 18 26 
A. fumigatus 35 — 0 0 





*From Godfrey and Griffiths (1976). 


1976). Among the parents, neither the overall 
prevalence of atopy nor the distribution of hyper- 
sensitivity was significantly different from that in 
normal adult controls (Table 2). Nor was there any 
association between atopy in the children with CF 
and in their parents (y? = 0-38; P>0-5). 

However 35% of CF children showed immediate 
hypersensitivity to A. fumigatus extract. The 
prevalence of hypersensitivity to Aspergillus appeared 
to increase with age up to 12 years, in contrast to the 
relatively stable prevalence of immediate hyper- 
sensitivity to other allergens (Figure). There were too 
few children in the 13-16 age group to draw any 
conclusions on the prevalence of Aspergillus 
sensitivity in the oldest children. 

When the total population of children with CF 
was divided into 3 groups according to atopic status 
(Table 3), several differences became apparent. The 
Aspergillus hypersensitive group was significantly 
older than the others, and respiratory disease, 
assessed radiologically or by means of lung function 
tests, was significantly worse in children with 


80 
Aspergillus 
fumigatus 
hypersensitivit 
60 y y 
9 40 
E 
= 
o Hypersensitivity 
S to other allergens 
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5-8 
Number 16 16 10 


Age (years) 1 -4 9 -12 


Figure Changing prevalence of hypersensitivity with 
age in children with cystic fibrosis. 


Aspergillus hypersensitivity than in the other 2 
groups. When the age difference between the Asper- 
gillus hypersensitive group and the other 2 groups 
was eliminated by age-matching, the Aspergillus 
hypersensitive patients still had significantly higher 
mean scores in their chest x-rays and lower mean 
PEFR and MMER. An association was found 
between hypersensitivity to A. fumigatus and hyper- 
sensitivity to other allergens (y? = 4-31; P —0-05), 
suggesting that hypersensitivity to A. fumigatus was 
more likely to be found in an otherwise atopic 
patient than in an otherwise nonatopic patient. 

The nonatopic CF children and the group sensitive 
to allergens other than A. fumigatus were similar in 
respect to their mean ages, x-ray scores, and PEFRs. 
However the nonatopic patients had a lower mean 
MMER (t = 2-5; P<0-05), implying more severe 
airways obstruction. 


Airways" lability. Exercise-induced airways lability 
(Table 4) was no more severe in CF children or their 
parents than in controls and there was no association 
between airways lability in CF children and their 
parents (y? = 0-32; P<0-5). 

Although numbers were small, the children with 
higher airways lability (fall in PEFR after exercise 
of greater than 10%) appeared to have a greater 


Table 3 Clinical features in relation to atopy and 
Aspergillus hypersensitivity in CF children 








Nonatopic Atopic 

Sensitive to Sensitive to 

A. fumigatus other 

(+ other allergens 

allergens) only 
No. 25 17 6 
Age (years) 6.5 (4-3) 9-8 (3-9) 6-2 (3.4) 
Chest x-ray score 5.9 (4-2) 10-3 (6-5) 5-8 (3-7) 
PEFR (% predicted) 102 (24) 68 (21) 105 (33) 
MMER (% predicted) 56 (18) 35 (24) 84 (29) 


Mean values + 1 SD. 


Table 4 Exercise-induced airways lability 
Sa aged ae 





Children Adults 
CF Controls* Parents Controls 
No. 36 60 67 42 
PEFR before exercise 
(% predicted) 90 (25) 97 (14) 102 (15) 96 (11) 


Rise in PEFR during 
exercise (°%) 

Fallin PEFR after 
exercise (°%) 

Heart rate at end of 
exercise (per min) 


9-0 (9-3) 8-2(5-4) 7-6(5-4) 6-0 (3-5) 
6-4 (9-3) 3-5(5-4) 4-3(5-7) 4-5 (3-4) 


170 (14) 172(—) 166(14) 174 (15) 


Mean values + 1 SD. 
*From Anderson (1972). 


Cystic fibrosis, atopy, and airways lability 875 


prevalence of hypersensitivity to A. fumigatus than 
did those children with normal airways lability 
(Table 5), as well as a lower MMER (t = 3-69; 
P<0-02). The prevalence of hypersensitivity to 
allergens other than A. fumigatus was similar in the 
2 groups. 

The parents of CF children taking similar exercise 
to the control adults, had a lower mean heart rate at 
the end of exercise than did the control subjects 
(t = 2-2; P<0-05). This difference (8 beats/min) 
may be explained by the difference in mean ages of 
the 2 groups, as the mean maximum heart rate at 36 
years (187 beats/min) is 9 beats/min less than at 22 
(Astrand and Rodahl, 1970). 


Discussion 


Atopy and CF. The association between CF and 
allergic disorders of the respiratory tract has been a 
topic of discussion for many years. Largely retro- 
spective studies suggested an incidence of respiratory 
tract allergy of 10-14%, little different from normal 
(Abbott et al., 1951; Van Metre et al., 1960). Later 
studies which used skin testing to define allergy gave 
a higher prevalence of 17-24% (Kulczycki et al., 
1961; Rachelefsky et al., 1974). Recently, studies 
which included tests for hypersensitivity to A. 
fumigatus, have given prevalence rates for atopy of 
56-77 % (Allan et al., 1975; Counahan and Mearns, 
1975; Warren et al., 1975; Warner et al., 1976a). 

In the present study the relatively high prevalence 
of atopy in children with CF was not due to hyper- 
sensitivity to the common allergens D. pteronyssinus 
and grass pollen (the ‘normal’ pattern of atopic 
hypersensitivity), as the children were no more 
frequently sensitive to these allergens than were 
normal schoolchildren (Godfrey and Griffiths, 1976). 
In fact, the data of Warren et al. (1975) and Warner 
et al. (1976a) contain very similar figures for mite and 
pollen hypersensitivity in CF, but this information 
is disguised by the high prevalence of Aspergillus 


Table 5 Clinical features in relation to exercise-induced 
airways lability in CF children 


— ————————— —— HH Ha — 
Airways lability 








Normal Hight 

No. 28 8 
Age (years)* 8-5 (4-3) 8-8 (3-6) 
Chest x-ray score* 7-3 (4-2) 8-1 (6-3) 
PEFR (% predicted)* 92 (23) 76 (29) 
MMER (% predicted)* 62 (27) 30 (15) 
Sensitive to 

A. fumigatus 10 (36%) 5 (63%) 

Other allergens 10 (36%) 2 (2594) 


E 
*Mean value + SD. 
tFall in PEFR of over 10% after exercise. 
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hypersensitivity. Thus homozygosity for the CF gene 
was not associated with atopic hypersensitivity of 
the ‘normal’ pattern either in the present study, or in 
the studies of Warner et al. (1976a). Similarly, in 
the present study, the parents of children with CF 
were no more frequently atopic than a group of 
normal young adults (Table 2). We thus found no 
evidence to support the hypothesis put forward by 
Warner et al. (1976b) that hererozygosity for the 
CF gene was associated with atopy. There are two 
reasons to suspect that the study of Warner ef al. 
(1976b) gave misleading results. Firstly, Warner 
et al. relied for adult controls on self-selected friends 
of CF parents, only 25 of whom were actually skin- 
tested, leaving much room for bias. Secondly, their 
study was carried out at a specialist referral centre 
with a highly selected group of CF patients, un- 
representative of CF patients and their families in 
general. 

Hypersensitivity to A. fumigatus was numerically 
important in the present study and was clearly 
associated with severe lung disease (Table 3). Its 
prevalence appeared to increase with age, up to 13 
years (Figure), in contrast to the normal prevalence 
of ‘normal pattern’ atopy which was affected little 
by age. These observations suggest that hyper- 
sensitivity to A. fumigatus may be secondary to lung 
disease, although it would appear that atopic 
children with CF are more likely to acquire hyper- 
sensitivity to A. fumigatus than are nonatopic 
children. (This is not surprising, as Warren et al. 
(1975) showed that immediate hypersensitivity to 
A. fumigatus in CF is mediated by IgE.) The sugges- 
tion of Warner et al. (1976a) that allergy in CF is 
associated with severe chest disease is probably an 
over simplification, since they do not distinguish 
between allergy to commonly sensitising antigens 
and allergy to A. fumigatus. 

Although numbers were small, it would appear 
that the CF children with the best overall clinical 
condition were those who were atopic but who had 
not yet developed hypersensitivity to A. fumigatus 
(Table 3). This association between ‘allergy’ (Van 
Metre et al., 1960), or atopy (Rachelefsky et al., 
1974), and relatively mild CF has previously been 
noted. However, it cannot be concluded that atopic 
CF children have a better long-term prognosis than 
do nonatopic CF children, because it would appear 
that the atopic group are more likely eventually to 
develop A. fumigatus hypersensitivity and, by 
association, severe lung disease. A longitudinal 
study of CF in children would be necessary to 
_ demonstrate this. 


Airways lability in cystic fibrosis. Airways obstruction 
in CF is largely fixed in character. A small and 


variable response has been shown to sympatho- 
mimetic drugs (Featherby et al., 1970; Zapletal et 
al., 1971; Landau and Phelan, 1973), particularly 
when the effort-independent indices have been 
measured. In response to exercise, many children 
with CF have been reported to develop airways 
obstruction (Day and Mearns, 1973; Counahan and 
Mearns, 1975). A fall in PEFR of greater than 10% 
after a standard treadmill running test has been 
considered to indicate abnormal degree of lability 
(Silverman and Anderson, 1972), and by this criterion 
8 (22%) out of 36 CF children in the present study 
were abnormal. This is somewhat less than the 40% 
reported by Counahan and Mearns (1975) using an 
identical test. Using a free-range running test, known 
to provoke greater fall in PEFR than treadmill 
running (Anderson ef al., 1971), Day and Mearns 
(1973) demonstrated significant airways lability 
after exercise in 46°% of their patients. The bias 
introduced by these workers studying patients at a 
referral centre could account for the difference from 
the present study. The figure of 22% of abnormally 
labile CF children may reflect the true situation in 
relatively unselected patients. 

In asthmatic children the severity of exercise 
determines the degree of subsequent airways lability 
(Silverman and Anderson, 1972). In the present study 
the target heart rate of 170/min may have been 
produced by less energy expenditure in the more 
severely affected patients. This may have produced a 
lower prevalence of airways lability than would 
have been found had fixed work loads been used. 

The present study confirms the observations of 
Day and Mearns (1973) that those children with 
apparently greater airways lability had more severe 
lung disease. Since the fall in PEFR after exercise is 
expressed as a proportion of the initial value, it could 
be argued that in those CF children who initially 
had severe airways obstruction (hence a low PEFR), 
a relatively small fall in PEFR after exercise would 
produce a spuriously high value for exercise-induced 
airways obstruction. However, in asthmatic children, 
exercise-induced asthma has been shown to be 
independent of the severity of airways obstruction in 
individual subjects (Silverman, 1973). If this applies 
also to children with CF then the association between 
airways lability and severe lung disease was a real 
phenomenon. If it does not apply, the prevalence of 
exercise-induced airways lability in CF would have 
been even lower than the 22% found here. It is not 
known which alternative is correct and it is therefore 
unhelpful to try to identify exercise-induced airways 
lability in individual CF children who have significant 
airways obstruction at rest. 

As noted by Jones (1975) in his comment on the 
paper of Counahan and Mearns (1975), the rise in 


PEFR. during exercise is greater when the initial 
PEER is low. There is therefore no useful informa- 
tion to be gained by studying the rise in PEFR during 
exercise. However, an estimate of airways lability in 
CF patients who have little airways obstruction at 
rest may help in understanding their disability, and 
may occasionally permit the rational trial of bron- 
chodilator drugs. 


Conclusions 


There was no association between the ‘normal’ 
pattern of atopy and the possession of a CF gene 
either by children with CF or their parents. Hyper- 
sensitivity to A. fumigatus was common in CF 
children and was associated with severe lung disease. 
The precise relationship between severe lung disease 
and hypersensitivity to A. fumigatus remains to be 
elucidated by detailed prospective studies. However, 
the importance of A. fumigatus sensitivity seems 
likely to increase as patients with CF survive longer, 
and these patients may be at risk of developing 
allergic bronchopulmonary aspergillosis. Early 
recognition of this difficult condition may be aided 
by prior knowledge of the atopic status of CF 
children, since Aspergillus hypersensitivity is more 
likely to develop in a previously atopic child. 

In a condition such as CF in which a history of 
wheezing may be of little help in the recognition of 
coexisting asthma, the exercise test, a simple and 
reliable method of demonstrating airways lability, 
may be of help in management, although there are 
difficulties in the interpretation of exercise-test 
results in patients with severe airways obstruction. 


We thank the paediatricians of the Avon area for 
their co-operation. 
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Evaluation of methods of assisted ventilation in hyaline 
membrane disease 


FRANK P. MANGINELLO, ARMANDO E. GRASSI, SYLVIA SCHECHNER, 
ALFRED N. KRAUSS, AND PETER A. M. AULD 


From the Perinatology Center and Department of Paediatrics, The New York Hospital, 
Cornell Medical Center, New York 


SUMMARY Two methods of providing assisted ventilation were compared in infants severely ill 
with hyaline membrane disease (HMD). 10 infants were assigned to each group. One group received 
ventilation with a volume-cycled respirator, and the other was ventilated using a pressure-limited 
ventilator and reversed I:E ratio. Both groups were well matched for severity of illness in terms of 
pH and blood gases. pH and Po, were quickly corrected by both ventilators. However, the pressure- 
cycled ventilator group had higher survival and lower complication rates. Pao, after one hour was 
substantially improved at the same F0, in the pressure-limited group and after 8 hours the F10» 
required to maintain a Pao, of 50-70 mmHg (6:6-9:3 kPa) was significantly decreased compared 
with the volume-cycled group. No effects on blood pressure were detected in either group. The 


study shows that the pressure-limited method is significantly better. 


The principal objectives of mechanical ventilation 
in hyaline membrane disease (HMD) are to improve 
oxygenation and relieve acidosis while minimising 
damage to the lung. In most cases, arterial blood 
gases can be stabilised but often complications— 
such as bronchopulmonary dysplasia (BPD), inter- 
stitial emphysema, and pneumothorax—may com- 
plicate recovery and eventually delay weaning from 
the respirator. 

It has been suggested that infants can be success- 
fully ventilated with fewer complications by limiting 
peak airways pressure (Herman and Reynolds, 
1973). This can be done by using a low respiratory 
rate and a reversal of the usual inspiratory:expira- 
tory (I:E) ratio. This method, which uses a pro- 
longed inspiratory time, may enable recruitment of 
collapsed alveoli and improve the ventilation of 
areas with varying time constants. No adverse 
effects on the circulation were noted. Other reports 
have shown that ventilation of newborn babies with 
low lung compliance by reversed I:E ratios can 
improve oxygenation, although CO, retention was 
observed in some cases (Keuskamp, 1974). An 
optimal I:E ratio that gives adequate oxygenation 
and avoids hypercarbia and circulatory effects can be 
‘determined only by trial and error for each patient. 


Received 6 January 1978 


Complications occur frequently in mechanically- 
ventilated patients. Pleural air leaks are the most 
common and have been reported in as many as 
40% of patients in one study (Berg et al., 1975). 
The reason for this high incidence is unknown but 
high pressures delivered to overdistended alveoli 
may produce rupture. BPD may be related to the 
trauma that results from high peak airways pres- 
sure, although oxygen toxicity may be a factor. 

This study was carried out to compare the effects of 
pressure-limited ventilation, as advocated by Herman 
and Reynolds, with ventilation regulation by volume 
in which there is no pressure limit. Although mean 
airways pressure is the same in both methods, the 
peak pressure applied to the airways, the I:E ratio, 
and respiratory rate differ. Effectiveness of venti- 
lation, oxygenation, and incidence was compared 
in the two methods. 


Material and methods 


Twenty newborn infants with a diagnosis of severe 
HMD admitted to the New York Hospital, 
Cornell Medical Center Neonatal Intensive Care 
Unit during a 3-month period were studied. All 
infants were initially treated with oxygen delivered 
by hood. Constant positive airways pressure 
(CPAP) was administered by nasal prongs, or bag 
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and mask, when the Pao, was «50 mmHg 
(—6:6 kPa) with Fo, >0-60 and the infant breath- 
ing spontaneously. Mechanical ventilation was 
begun when respiratory failure occurred, as diag- 
nosed by one or more of the following criteria: 
pH less than 7-25 and Pco, >60 mmHg (7-9 kPa), 
Pao, <50 mmHg with F10, >0-80, cardiopulmonary 
arrest, recurrent apnoea, and bradycardia. These 
indications for assisted ventilation were used for all 
infants in this study. Intubation was carried out with 
Portex nasotracheal tubes or Rusch orotracheal 
tubes. 

Infants were randomly assigned to either a 
volume-cycled or pressure-cycled respirator. 10 
patients (group 1) were placed on volume-cycled 
ventilation (Bournes LS 104-150). Tidal volume was 
8-10 ml,kg, plus an allowance for tubing compli- 
ance, and respiratory rate was set at 30 breaths/min. 
This ventilator generates a peak airways pressure 
as shown in Fig. la. Mean in vivo pressure for all 
infants in this group was 42 cmH,O (4-1 kPa) with 
a rénge of 30-50 cmH,O (2-9-4.9 kPa). 

If blood gases and pH were not normalised within 
2 hours or if babies remained hypoxic, i.e. Pao, —50 
mmHg with F10, >0-80, the technique was con- 
sidered a failure and the alternate method was 
begun. 10 infants (group 2) were placed on a 
pressure-cycled respirator (Bournes BP-200) ad- 
justed to a pressure limit of 25 cmH,O (2-4 kPa) on 
a I:E ratio of 1:1 with a respiratory rate set at 30 
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Figs la, b Pressure wave form generated by 
(a) volume-cycled and (b) pressure-limited wave 
respirators, 





breaths/min. This respirator mode generated a 
peak airways pressure as shown in Fig. 1b. Identical 
criteria for failure were applied as in group 1. In 
both groups, each patient received a 5 cmH,O 
(490 Pa) positive end expiratory pressure. All 
infants in both groups received an initial breath 
rate of 30/min. Respiration was controlled in all 
cases. Intermittent mandatory ventilation was used 
to wean infants from the respirator. Blood gases 
were monitored through a catheter in the umbilical 
artery. 

The two methods of mechanical ventilation were 
evaluated as follows: (1) the change in Pao, im- 
mediately before and one hour after mechanical 
ventilation was begun at constant FO, (one-way 
analysis of variance), (2) the change in F10, required 
to maintain Pao, at between 50 and 70 mmHg during 
the first 8-hour period of mechanical ventilation. 


Results 


Clinical data, including birthweight, estimated 
gestational age, and arterial blood gases at time of 
admission to the study are presented in Tables 1 and 
2. No statistically significant difference was found 
between the two groups using Student's ¢ test. Infants 
in group 1 required mechanical ventilation for a 
mean of 208 hours, with a range of 144 to 240 hours. 
Infants in group 2 required a mean of 130 hours of 
assisted ventilation, with a range of 65 to 221 hours. 

Pressure-limited ventilation was as effective as 
volume-cycled ventilation in rapidly correcting pH 
and arterial Pco,. Comparisons of arterial Po, in 
the two groups indicated that the pressure-limited 
ventilator was more effective with a mean Pao, 
value of 52 mmHg (6-9 kPa) in group 2 compared 
with 15 mmHg (1-9 kPa) in group 1 (P —0-001). 

Infants in group 1 showed a slight increase in 
oxygen requirement 8 hours after mechanical 
ventilation began (mean F10, 0-78 to 0-85), whereas 
a significantly decreased Fyo, was required to 
maintain arterial Po, in group 2 (mean Fyo, 0-79 
to 0-61), P —0-05: Fig. 2. 

Three of 10 patients in group 1 were eventually 
weaned from the volume-cycled respirator. Five 
died, all of whom showed changes at post-mortem 
examination compatible with bronchopulmonary 
dysplasia. Two patients in group 1 who remained 
hypoxaemic at an F10, of 1-0 with a volume-cycled 
respirator were successfully managed on a pressure- 
limited ventilator. Three of the 10 patients in group 
] sustained air leaks. 

Nine of 10 patients in group 2 were successfully 
weaned from their ventilators. This difference in 
survival, in terms of successful weaning, was 
statistically significant (P —0-01). One infant in the 
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Fig. 2 Change in Fj0, to maintain PaO 50-70 mmHg 
(6-6-9-3 kPa) after 8 hours of (a) volume-cycled and 
(b) pressure-limited respirator. 


pressure-limited group expired with rapidly ex- 
panding congenital lobar emphysema, confirmed at 
necropsy. The differences in mortality rates (3/10 in 
group 1 v. 0/10 in group 2) were not significant 
statistically (P<0-C6). 

None of the infants receiving increased I:E ratios 
experienced circulatory problems, as determined by 
direct intra-aortic determinations of blood pressure 
via umbilical arterial catheters. No systematic 
examination of radiographs was made to determine 
the incidence of bronchopulmonary dysplasia in 
surviving infants in group 2. Therefore, the in- 
cidence of this complication cannot be compared 
between the two groups. 


Discussion 


This study has shown certain advantages in the 
use of pressure-limited ventilators for the manage- 
ment of infants with severe HMD. Infants in this 
group showed immediate and sustained improvement 
in oxygenation at a lower level of oxygen in the 
inspired air. This effect could be regarded as related 
to prolonged high positive pressure on the airways 
improving ventilation-perfusion relationships. The 
improved oxygenation obtained may also occur as a 
result of the increased I:E ratio which allows for 
recruitment of alveoli with varying time constants. 
While the volume-cycled ventilators have been 


shown rapidly to correct the respiratory failure 
component, the rapidity of the cycle clearly does 
not allow enough time for the recruitment of areas 
with altered time constants to occur. On the other 
hand, because of the effects on the circulation of 
increased prolonged pressures delivered to the 
airways by the pressure-limited method, the im- 
provement in ventilation that resulted in a lowering 
of Paco, similar to that achieved by the volume- 
cycled respirator and the lack of obvious circu- 
latory effects, might not have been anticipated. 

A definite statement on the effects of the pressure- 
limited and volume-cycled respirators on the com- 
plication of bronchopulmonary dysplasia cannot be 
made. None of the survivors in either group had the 
condition radiologically. However the appearance of 
the pathological changes of BPD in the lungs of the 
5 infants who did not survive with the volume- 
cycled method, suggests that the pressure-limited 
approach may be effective in reducing this com- 
plication, and it seems to reduce the complication 
of pleural air leaks. Subsequent experience withr this 
respiratory technique confirms this and pleural air 
leaks have been virtually eliminated from the 
nursery. Clearly patient survival is significantly 
greater with the pressure-limited technique, related 
in part, at least, to the decreased incidence of 
pleural air leaks and to improved oxygenation. The 
limitation of peak airways pressure provided by 
this method would appear to be the only factor 
responsible for the improvement. Although the 
numbers of patients studied were small, differences 
both in survival and oxygenation in both groups 
were so obvious as to preclude pursuing the study 
further. 
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SUMMARY Four cases of a locally invasive sarcoma of the chest wall are described in children aged 
between 8 and 14 years. Although its morphology resembles a Ewing's sarcoma of bone there are 
light and electron microscopical features that are distinctive. The sarcoma is thought to represent 
an entity which has not previously been defined. Its clinical importance lies in the fact that the 
prognosis with appropriate treatment appears to be good. One child died after 21 years, but the 
others are alive 6, 8, and 16 years after presentation. 


A wide variety of both benign and malignant 
tumours arise within the wall of the chest, peri- 
pheral to the lung and pleural cavity although they 
may secondarily invade it. These heterogeneous 
tumours are often considered as a group because 
of the similarity of diagnostic and therapeutic 
problems which they represent. Approximately 897 
of all primary bone tumours arise in the ribs or 
sternum (Teitelbaum, 1972a), and the same pro- 
portion (8%) of all soft tissue sarcomas occur 
within the chest wall (Teitelbaum, 1972b). There 
are several large surveys of chest wall tumours 
(Hedblom, 1921; Hochberg, 1953; Pascuzzi et al., 
1957; Watkins and Gerard, 1960; Teitelbaum, 1969; 
Threlkel and Adkins, 1971), and although childhood 
cases are quoted they represent a minority. Of 339 
patients with malignant tumours of the chest wall 
reviewed by Watkins and Gerard (1960) only 2 were 
under 20 years. Similarly Hedblom (1921), in a 
series of bony chest wall tumours, found only 28 
cases under 20 years out of 213 patients, and 
Hochberg (1953) reported 39 among 205 cases of 
primary rib tumour. 

There have been comparatively few studies specific- 
ally of childhood chest wall tumours. Joseph and 
Fonkalsrud (1972) reviewed reports of these and 
contributed 4 of their own cases seen over a 10-year 
period. Chondromas and osteochondromas were the 
commonest benign chest wall tumours found in 
children, followed by osteoma, osteoid osteoma, 
eosinophilic granuloma, giant cell tumour, fibrous 
dysplasia, and aneurysmal bone cyst. Of the malig- 
nant rib tumours, as with adults, chondrosarcoma 
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was the commonest. Osteogenic sarcoma, lympho- 
sarcoma, fibrosarcoma, Ewing’s sarcoma, and 
Hodgkin’s disease were all found in children. The 
radiographic features of tumours of the chest wall 
in children were described by Franken et al. (1977). 
Ewing's sarcomata was the only primary thoracic 
malignancy in their series. 

Chest wall tumours in the 4 children (Cases 1-4) 
attracted interest initially because of their character- 
istic histological morphology. Although they were 
clearly all the same type of tumour it was impossible 
to place them among other known categories of 
neoplasia. All were locally invasive, originating in 
the soft tissues of the thorax, and appearing to in- 
volve bone secondarily. Only one child (Case 4) died 
after local recurrence and abdominal metastasis. The 
excellent clinical course after treatment in Cases 1—3 
lends further support to the histopathological 
impression that this type of tumour is an entity 
distinct from other chest wall sarcomata seen in 
childhood, and especially from Ewing's tumour to 
which it has some resemblance. 


Case reports 


Case 1. This girl presented at 14 years with a history 
of an intermittent, dull, aching pain over the right 
side of the chest of 6 months' duration. X-ray 
demonstrated a large rounded opacity in the right 
midzone of the chest wall. She had been treated as 
a case of pulmonary tuberculosis without improve- 
ment. At thoracotomy a tumour measuring 7 x 
5.5 x 5 cm was removed which was attached to 
the inner aspects of the 6th, 7th, and 8th ribs (Fig. 
1). Radiologically there was seen to be some erosion 
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and periosteal reaction of the ribs (Fig. 2), but there 
was no evidence of tumour elsewhere within the 
thorax. Grossly a thin capsule enclosed a fleshy 
haemorrhagic greyish-yellow tumour. The outer 
one-third adjacent to the ribs was homogeneous and 
firm while the remainder displayed numerous 
vascular channels. 


She was given radiotherapy postoperatively 
followed by a course of vincristine and cyclophos- 
phamide. She has remained well with no sign of 
recurrence 8 years later at age 22. 


Case 2. This 8-year-old girl was admitted to hospital 
with a hard swelling maximal over the anterior 
aspect of the right Sth rib. She was an apparently 
healthy child without history of pain or weight 
loss. 

An x-ray showed a large mass situated mainly 


Fig. 1 Case 1. Tumour adherent 
to the inner aspect of 6th, 7th, 
and 8th ribs. X 0-7. 


Fig. 2 Radiograph of the 
surgical specimen in 

Fig. 1 showing periosteal 
reaction around the ribs. 
x 0-7. 


anteriorly within the right thorax, but extending into 
the mediastinum. Speckled calcification was seen in 
the centre of the tumour and the overlying end of 
the right 5th rib was expanded and eroded. Occult 
spina bifida of the 6th cervical vertebra was noted. 

At operation an encapsulated tumour was re- 
moved, together with a 5 cm portion ef the extremity 
of the 5th rib. Lung tissue was easily separated from 
the mass. The soft, fleshy, well-circumscribed 
tumour (Fig. 3) measured 14 x 10 x 8 cm and the 
cut surface displayed areas of haemorrhage and 
necrosis within a solid pale background. Although 
intercostal muscle and bone were infiltrated by 
tumour, a portion of the contiguous lung measuring 
8 x 6 x 3 cm showed no evidence microscopically 
of invasion. The patient was imradiated post- 
operatively and was well with no recurrence 16 
years later at age 24. 
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Fig. 3 Cut surface of the sarcoma removed from Case 2. 
Numerous small vascular channels can be seen. 
Rib on the right is not invaded. x 0-75. 


Case 3. This 11-year-old girl presented with a cough 
of 8 weeks' duration and a continuous right-sided 
chest pain for the previous 4. More recently walking 
had made her breathless. The greater part of the 
right side of the chest was radiologically opaque. 
Bronchoscopy showed complete occlusion of the 
right main bronchus from external pressure. This 
was followed by a thoracotomy when an enormous, 
semisolid, semicystic mass was removed which had 
occupied approximately seven-eighths of the right 
thorax. This entailed a right upper and middle 
lobectomy, but the tumour remained in an area 
around the costochondral junction of the 2nd and 
3rd rib where the chest wall was infiltrated. The two 
excised lobes weighed 800 g. The cut surface showed 
a complete replacement of the normal pulmonary 
architecture by a friable, haemorrhagic, cystic 
tumour. Postoperatively the patient was treated by 
irradiation and vincristine, doxorubicin, and cyclo- 
phosphamide chemotherapy. The right lower lobe 
expanded and postoperative pneumothorax resolved 
satisfactorily. There was no radiological evidence of 
tumour in the chest wall or within the lung 11 
months after surgery. When last seen 6 years after 
surgery at age 17 she was well, although there was 
lack of development of the right breast. 


Case 4. This boy presented at 8 years with a 2- 
month history of intermittent fever, pallor, and 
listlessness. He was found to be extremely dyspnoeic 
and the right side of the chest was dull to percussion 
with depression of the right diaphragm and liver. 
Pleural aspiration yielded only a small amount of 
blood and no tumour cells were seen. There was 
evidence of thoracic outlet obstruction with grossly 
dilated veins over the thorax and upper arms. 
Radiologically there was a homogeneous opacifica- 
tion of the right hemithorax. The right 7th rib was 
thought to be eroded, and probably also the upper 
dorsal vertebral bodies. Exploration of the chest 
proved to be impossible at thoracotomy owing to 
the size of the tumour so this was only biopsied. 
Postoperatively the patient was treated with vin- 
cristine, doxorubicin, cyclophosphamide, and oral 
procarbazine. Serial chest x-rays showed progressive 
reduction in the opacity in the right chest with re- 
expansion of the right lung. There was sufficient 
improvement to enable a surgical resection to be 
performed through a right thoracotomy 15 weeks 
after beginning chemotherapy. The tumour was 
adherent to the posterior part of the Sth, 6th, and 
7th ribs. It was extrapleural and pushing forwards 
into the thoracic cavity. The main mass of tumour 
weighed 200 g and measured 11 x 8 x 5 cm. The 
cut surface was firm and grey with brown necrotic 
areas. A second portion of tumour removed in 
addition measured 9 x 5 x 3 cm and had a similar 
gross appearance. 

The boy remained free of tumour for 20 months 
after the resection, while continuing on chemo- 
therapy, until a recurrence was seen radiologically 
at the right costophrenic angle. A mass of tumour, 
about the size of a golf ball, was resected together 
with the related diaphragm. A further thoracotomy 
was performed one month later because of recurrent 
tumour of the chest wall. The right middle and 
lower lobes of the lung were adherent to the tumour 
and were resected but no tumour infiltration was 
demonstrated. Chemotherapy was not restarted 
after these 2 operations. There followed para- 
vertebral spread of tumour below the diaphragm, 
confirmed surgically to extend down to the level of 
the renal vessels. A course of radiotherapy was given 
to the chest and abdomen. However there was 
progressive deterioration and he died 3 months later, 
29 months after presentation at hospital. Necropsy 
was not performed. 


Histology. The light microscopical appearance of 
the chest wall tumour from all 4 patients was 
essentially similar. The tumour was composed of 
sheets of undifferentiated cells in which were 
numerous irregular vascular spaces (Fig. 4). Apart 


Chest wall sarcoma of childhood with a good prognosis 885 





Fig. 4. Case I. Light microscopical appearance of the sarcoma showing vascular channels within a uniform sheet of 


undifferentiated cells. (H & E x 450.) 


from these blood-filled spaces where the neoplastic 
cells were arranged more densely, there was no 
recognisable pattern. The tumour cells were uniform 
with hyperchromatic ovoid nuclei and scanty 
cytoplasm. Mitotic figures were fairly frequent. 
Sections taken from different regions of the tumour 
varied only in respect to the degree of vascularity. 
In the more solid areas of the tumour the tissue was 
composed almost entirely of densely packed ana- 
plastic cells. Elsewhere vascular channels were in 
close proximity to each other, some large enough to 
be identifiable on the cut surface of the gross 
specimen (Fig. 3). Interstitial haemorrhage within 
the solid parts of the tumour was common. 


Electron microscopy. Ultrastructural examination of 
the tumours removed from Cases 3 and 4 was 
possible where tissue had been fixed in glutaraldehyde 
immediately after its surgical excision. The tumour 
cells were uniform, closely packed, with slightly 
irregular rounded nuclei. Scattered mitochondria, 
Golgi complexes, and a few small glycogen deposits 
were present within the cytoplasm. The plasma 
membranes of the tumour cells lacked desmosomes 
but in some areas a few pinocytotic vesicles could be 
identified (Fig. 5). The vascular spaces were formed 
by somewhat elongated tumour cells being aligned 
perpendicularly to the lumen (Fig. 6). The light and 
dark cell types which are a feature of Ewing's 
tumour were not evident. Some dark neoplastic cells 
were observed, but these were rare and not char- 
acteristic of either of the 2 tumours examined. 


Discussion 


All 4 children had a morphologically identical 
tumour. This was a small round cell sarcoma in 
which were distinctive vascular channels of variable 
size lined by tumour cells. In each case the tumour 
appeared to originate from the soft tissue of the 
chest wall and to erode bone or imvade the lung 
secondarily. There is a possibility that, like Ewing’s 
sarcoma, the tumour was subperiosteal in origin. 
On a histopathological basis also the similarity to 
Ewing’s sarcoma may have led to this diagnosis 
being made in the past. Indeed in early reports 
relating to Ewing's sarcoma the endothelial origin 
of that tumour was the subject of debate. However, 
in a discussion of the histogenesis of Ewing's 
sarcoma Melnick (1933) categorically denied that it 
displayed any vasoformative differentiation. This 
view was subsequently confirmed by Ewing (1939) 
when he described the tumour to which he lent his 
name as a 'diffuse endothelioma'. Although this 
tumour displayed pseudorosettes and perithelial 
units Ewing distinguished it from angioendothe- 
liomatous tumours in which definite blood channels 
could be recognised. 

The ultrastructural studies that were performed 
confirm the histological impression that the present 
cases differed from a classical Ewing's tumour. 
Both of the chest wall sarcomas examined electron 
microscopically were composed of tumour cells rich 
in cytoplasmic organelles, with almest no glycogen, 
and completely deficient in desmosomes. The cells 
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of a Ewing’s sarcoma, on the other hand, are typically 
poor in cytoplasmic organelles and contain abundant 
glycogen (Kadin and Bensch, 1971). Intercellular 
desmosomal type connections are a common feature 
of the cells of Ewing's sarcoma (Povyiil and 
Matejovsky, 1977). Only occasional dark neo- 
plastic cells were identifiable in the present cases, 
but distinct populations of light and dark tumour 
cells are a constant characteristic of Ewing's sarcoma 


Fig. 5 Case 3. Neoplastic cells showing a variable 





(Friedman and Gold, 1968; Nakayama et al., 1975). 
Steiner and Dorfman (1972) reported finding 
numerous pinocytotic vesicles in the tumour cells of 
a haemangioendothelial sarcoma of bone. The 
presence of pinocytotic vesicles in the chest wall 
sarcoma (Fig. 5) therefore lends support to an 
endothelial origin. Such vesicles are not seen in 
Ewing's tumour. 

It has been suggested that Ewing's sarcomas are 
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not a homogeneous group of tumours. Oberling and 
Raileanu (1932) stated that Ewing’s sarcoma arose 
from a primitive mesenchymal cell which was capable 
of differentiation towards blood-forming elements. 
An alternative view is that there exists an entity 
which has been termed a ‘primitive multi-potential 
primary sarcoma of bone’ (Hutter et al., 1966). 
Such a tumour is composed of undifferentiated 
cells which in different areas may show bone, 
cartilage, or vascular differentiation, or it may 
resemble a Ewing’s sarcoma. It is of interest that 


in this series of 25 such tumours, 4 of the 5 long- 
term survivors had a basic histological pattern 
which resembled Ewing’s sarcoma. More recently 
Angervall and Enzinger (1975) reported 39 small 
cell sarcomas histologically indistinguishable from 
Ewing’s sarcoma of bone which were all extra- 
skeletal in origin. Seven of these were located in the 
chest wall, mainly in the intercostal and subpleural 
connective tissue. However, as a group, these 
patients were older and had a worse prognosis than 
the 4 children in the present study. 
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Fig. 6. Case 3. Electron microscopical appearance of neoplastic cells arranged perpendicularly to a vascular space (VS). 


x 10 000. 
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Table Clinical features of 4 children with sarcoma of the chest wall 


Case Age at Duration of Position Size of Surgery Irradiation Chemotherapy | Survival 
presentation symptoms of tumour tumour 
(years) (months) (diameter) 

1 14 6 Right 6th, 7 cm Yes Yes Yes Well8 years 
7th, 8th ribs, postoper- 
mid-zone atively 

2 8 3 Right 5th rib, 14 cm Yes Yes No Well 16 years 
anteriorly postoper- 

atively 

3 11 2 Right thorax, 800 g Yes Yes Yes Well 6 years 
right 2nd and 7/8 of postoper- 

3rd ribs right chest atively 
anteriorly 

4 8 2 Right Sth, 6th, 200 g, Yes, after Yes, after Yes Died 29 
and 7th ribs, 11 cm 4 months' 26 months' months after 
posteriorly chemotherapy treatment presentation 


The clinical importance of differentiating the 
vasoformative small cell sarcoma described in this 
study from other chest wall sarcomas lies in the 
apparently good prognosis with which it seems to be 
associated. Three of our patients have survived 6, 
8, and 16 years without recurrence. The 4th child 
(Case 4) had a massive tumour in the right thorax 
and responded initially to chemotherapy and surgery; 
he survived almost 21 years before death from 
abdominal metastasis. This is in contrast to a 5-year 
survival rate for Ewing's tumours of under 10° 
(Marsden and Steward, 1976). In an extensive 
search we could find no microphotograph of a 
tumour identical with the ones shown in Figs 1-6. 
However, Winham (1954) reported what was 
thought to be a unique case of a 10-year survival of 
a Ewing's tumour of a rib with a pulmonary 
metastasis presenting in a 15-year-old boy. Un- 
fortunately the histology was distorted by pre- 
operative irradiation but vascular spaces among 
sheets of a uniform small cell sarcoma can be 
recognised. It is only possible to say that this case 
has some resemblance to the ones in the present 
study. 

The clinical presentation of our cases was not 
unlike that of other chest wall tumours. Localised 
pain was the predominant symptom in Cases 1 and 
3 and Case 2 presented with a painless swelling. 
The 4th child was obviously seriously ill with 
dyspnoea and general malaise. All the tumours were 
large (Table). Three were treated by surgical 
resection followed by radiotherapy and, in two, also 
by chemotherapy. The most severely ill child (Case 
4) was considered initially to be inoperable until a 
course of chemotherapy had reduced the size of 
the tumour. It is of interest that he was the only 
one not given radiotherapy immediately after 
primary surgical resection and who was treated 
ihitially by 15 weeks’ chemotherapy. Radiotherapy 
was withheld until the terminal stage over 2 years 
later when there was paravertebral infiltration of 


sarcoma into the abdomen. Local thoracic recur- 
rence had been treated by surgery alone. In contrast 
Case 3 was the only one to show invasion of lung 
tissue. Despite being the largest tumour of the 4 
and requiring a right upper and middle lobectomy 
there has been no recurrence after 6 years. Although 
the longest survivor (Case 2) did not receive chemo- 
therapy our experience would suggest that surgery, 
irradiation, and chemotherapy should all be used 
early in the treatment. 

In our opinion the chest wall sarcomas described 
in these 4 children represent a distinct entity, mainly 
on the grounds of their histological and ultra- 
structural morphology, but also of their age in- 
cidence, location, and good prognosis. Their 
vasoformative differentiation is the most obvious 
feature distinguishing them from typical Ewing's 
sarcoma which in many other respects they closely 
resemble. They are locally invasive within the chest 
wall and erode adjacent ribs, but the bulk of the 
tumour usually protrudes as an encapsulated mass 
into the pleural cavity with compression of adjacent 
lung. Pulmonary infiltration and metastasis may 
occur but it is important to establish the correct 
diagnosis by biopsy since a vigorous policy of 
treatment by surgery, irradiation, and chemotherapy 
is fully justified even when the child is gravely ill. 


We thank the Manchester Children’s Tumour 
Registry for clinical information concerning Cases 
] and 3. 
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Growth and hormonal status of children treated for 
acute lymphoblastic leukaemia 


P. G. F. SWIFT, P. J. KEARNEY, R. G. DALTON, J. A. BULLIMORE,* M. G. MOTT, 


AND D. C. L. SAVAGE 
From the Royal Hospital for Sick Children, Bristol 


SUMMARY Growth and hypothalamic-pituitary function have been studied in children in long-term 
remission from acute lymphoblastic leukaemia (ALL). All 14 children are growing and developing 
normally; in the 8 children in whom the hypothalamic-pituitary axis was investigated endocrine 
function is normal. Continuing long-term review of these children is essential, but hypothalamic- 
pituitary investigation is required only when there is a decrease in growth velocity or delay in the 


onset of puberty. 


Mary children treated for acute lymphoblastic 
leukaemia (ALL) achieve a prolonged remission and 
probable cure (Mauer and Simone, 1976). This has 
been accomplished by using combined chemotherapy 
and central nervous system (CNS) irradiation 
(Hustu et al., 1973; Medical Research Council 
Leukaemia Committee, 1973). While the immediate 
complications of therapy are recognised the possible 
long-term side effects are uncertain. 

Hvpopituitarism may follow high-dose irradiation 
of extra- or intracranial tumours (Tan and Kunarat- 
nam, 1966; Shalet et al., 1975; Richards et al., 
1976). Smaller doses of cranial irradiation are used 
in ALL and it had been hoped that in these children 
there would be no significant effect on their hypo- 
thalamic-pituitary axis. However, recent reports 
suggest that these children may be at substantial 
risk of growth hormone (GH) deficiency (Schiliro 
et al., 1976; Shalet et al., 1976), that their GH 
responses are related to the dose and fractionation 
of the irradiation, and that there may be a progressive 
fall in GH response with increasing time after radio- 
therapy (Shalet et al., 1976). 

This knowledge must influence treatment and 
long-term management; we have therefore studied 
the growth and hypothalamic-pituitary function of 
children in long-term remission from ALL. 


Patients and methods 


The age range of the 14 children studied was 6-9 to 
15-2 years. All were prepubertal at the time of 
diagnosis. They had been in complete continuous 
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remission for at least 3-2 years and had received no 
treatment for at least 1-1 years. 

All the children were seen between 1970 and 1974. 
With the exception of Case 1 they had been treated 
with the MRC UKALL I or UKALL II protocols. 
All had received craniospinal irradiation. A Phillips 
250 keV machine had been used for the irradiation 
which was started shortly after induction of haemato- 
logical remission. The children had received 2000- 
2500 rads to the cranium in 10-15 fractions for 11 
to 18 days. In addition 800 rads had been given to 
the spinal axis. These details are given in Table 1. 

Anthropometric data were available for all the 
children. Staging of puberty (Tanner, 1962) and 
skeletal age (Tanner et al., 1962) was according to 
the described methods. 8 children agreed to undergo 
a combined hypothalamic-anterior pituitary function 
test after an overnight fast. Simultaneous intravenous 
injections were administered of insulin (0-1 U/kg), 
thyrotrophin releasing hormone (TRH 200 ug), 
and luteinising-hormone releasing-hormone (LHRH 
100 ug) after basal blood samples had been with- 
drawn through an indwelling ‘butterfly’ needle. 
Estimations of blood glucose, plasma GH, cortisol, 
adrenocorticotrophic hormone (ACTH), serum 
thyroid-stimulating hormone (TSH), thyroxine (T4), 
triiodothyronine (T3), follicle-stimulating hormone 
(FSH), luteinising hormone (LH), and gonadal 
hormone responses were measured at appropriate 
intervals. Two hours after the insulin injection oral 
L-dopa was given as a second stimulus to GH pro- 
duction. The hormones were measured by radio- 
immunoassay as previously described and the results 
compared with our values for normal children 
(Savage et al., 1978). 
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Table 1 Clinical details of treatment in children in long-term remission from ALL 





Case no. Sex At diagnosis Treatment Cranial irradiation Time since At study 
Y^ —————————— protocol (fractions) irradiation 

Age (years) Puberty (years) Age (years) Bone age Puberty 
1* M 4-1 PI Gl Assorted 2400 (12) 5.6 9.8 12.5 PI Gl 
2* M 5.4 di UKALL I 2000 (10) 5.0 10-5 11-8 P1 G2 
3* M 7.0 = I 2100 (11) 4-1 11-2 11-2 PI GI 
4* M 7-1 xs I 2000 (10) 5.4 12-6 14-0 P3 G2 
5* F 2-9 is I 2500 (15) 5.7 8-7 9-0 PI GI 
6* F 5.6 j II 2000 (10) 4.1 9.8 11-8 P1 G2 
7* F 8-7 P II 2000 (10) 4-2 13-0 13-5 P4 G5 
8* F 9-7 s I 2000 (15) 5.4 15-2 16-0 P4 G5 
9 M 2-7 s I 2000 (14) 5.6 8.4 — Pi GI 
10 M 4.3 is I 2000 (10) 4-8 9-2 — PI GI 
11 F 2-5 "^ I 2100 (10) 5:3 7-9 — P1 GI 
12 F 3.7 i I 2000 (14) 3.1 6-9 — PI Gi 
13 F 5.3 - II 2000 (12) 3-9 9.3 — PI GI 
14 F 7-6 ji I 2000 (10) 4.9 12-6 — Pi G3 
Mean 5.5 2080 (12) 4.8 10-4 

2.5-9.7 3.1-5.7 6-9-15-2 


Range . ‘ . . P 
- OONAN 


*Endocrine study. 


Results 


Anthropometric data. None of the children was of 
short stature, and growth was in accordance with age 
and stage of puberty (Figs 1 and 2). The mean 
height velocity of the prepubertal children increased 
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Fig. 1 Growth curves of 6 boys treated for ALL. 


from 5-9 cm/year (range 4-6-8-6 cm/year) in the 
year preceding the end of treatment to 8 cm/year 
(range 5-11-2 cm/year) during the year after 
stopping treatment. No child had delayed pubertal 
development. 
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Fig. 2 Growth curves of 8 girls treated for ALL. 
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Endocrine data. 


Growth hormone. Satisfactory insulin induced 
hypoglycaemia (blood glucose <50% fasting level) 
was obtained in all 8 children. In our laboratory 
a normal GH response is a peak level of at least 8 
mUJ/l (Savage et al., 1978). 6 of the 8 children had 
normal GH responses to hypoglycaemia while all 8 
children had normal responses to L-dopa (Table 2). 


TSH and thyroid hormones (T4 and T3). Basal TSH 
levels, with one exception (4-5 mU/I), were all below 
3 mU/ml. The peak responses of TSH to TRH were 
normal (mean 14 mU/l), range 6:2-16 mUJ/Il. Basal 
T4 and T3 levels and the increment 2 hours after the 
TRH injection were normal (T4 mean increment 
16%, T3 mean 38%) (Savage et al., 1978). 


Cortisol and ACTH. Basal cortisol levels were normal 
or raised, with a range of 250-905 nmol/l (8-9- 
32:3 ug/100 ml). Cortisol responses to hypogly- 
caemia were satisfactory in children with normal 
basal levels, but no response was seen when the 
basal levels were raised above 600 nmol/l (21:4 
ug/100 ml). The range of cortisol levels at 60 
minutes after insulin was 425-725 nmol/l (15-1—25-8 
ug/100 ml). ACTH measured at 30 minutes after 
insulin may have missed the peak response (range 
17-212 ng/l) but as cortisol values were all normal 
serial ACTH measurements were not done. 


LH, FSH, and gonadal hormones. The LH responses 
to LHRH wereconsistent with the children's pubertal 
status. The LH levels rose from low basal levels 
(maximum 3-3 U/l) to a mean 30-minute peak of 
17-2 U/l (range 7-6-24-3 U/l). The maximum peak 
response in the prepubertal children was 6:9 UJ/I. 
The FSH responses were all within the range seen in 
normal children. 

Before puberty there was, as expected, no rise in 
serum testosterone or oestradiol 4 hours after LHRH 
(Savage et al., 1978). Basallevels of gonadal hormones 


Table 2 Peak GH response after insulin and L-dopa 


. 
CANYDUEwWNH— 


Case no. GH peak response (mU/I) Maximum GH 
peak (mU/1) 
Insulin L-dopa 
7-3 9.4 9.4 
8.7 16-7 16-7 
21-0 14-1 21-0 
11-6 13-4 13-4 
11-1 13-1 13-1 
6-1 14-4 14-4 
14-3 8-3 14-3 
27-6 36.6 36.6 
Mean 13.5 16.2 17-4 


were related to the stage of puberty and, in the 2 
pubertal boys, serum testosterone rose during the 
LHRH test from 0-68 to 2-16 nmol/l (Tanner Stage 
P,G,) and from 3-3 to 8-8 nmol/l (Tanner Stage 
P,G,). Similarly the 3 pubertal girls showed ade- 
quate oestradiol increments related to their stages of 
puberty. 


Discussion 


This report evaluates the growth and endocrine 
function of a group of children in long-term remission 
after treatment for ALL. The need for such studies 
has recently been stressed (British Medical Journal, 
1977). 6 of the 14 children declined investigative 
endocrine evaluation but this was not surprising as 
they had all received prolonged and intensive in- 
patient and outpatient treatment with frequent IV 
manipulations. None of the 8 children who were fully 
investigated had evidence of endocrine dysfunction, 
and as the remaining 6 children were growing nor- 
mally no attempt was made to persuade them to 
undergo endocrine testing. 


The normal anthropometric data in this study are 
in general agreement with those found at other 
centres treating childhood leukaemia, but the GH 
results are at variance with recently reported studies 
from Manchester (Shalet et al., 1976, 1977). Although 
the chemotherapy used in Bristol and Manchester 
was similar the radiotherapy schedules were different. 
The Bristol children received approximately 2000 
rads in 12 fractions for 15 days using a 250 keV x-ray 
machine. There was an even dose distribution of 
cranial irradiation throughout the brain. This dose 
of 2000 rads has a radiobiological equivalent value 
similar to 2400 rads using Cobalt (9?Co or 4 Mev 
linear accelerator and the same fractionation regi- 
men. In Manchester a Cobalt (9?Co) or 4 Mev linear 
accelerator was used; the children with lower GH 
responses received 2500 rads or more in 10 fractions 
for 24 weeks, whereas those children who achieved 
higher GH responses had received 2400 rads in 20 
fractions for 4 weeks (Shalet et al., 1977). 


Ellis (1969) suggested a formula which relates the 
total radiotherapy dose, number of fractions, and 
overall treatment time to a quantity termed the 
nominal standard dose (NSD). This quantity 
represents the biological effect of a given treatment 
regimen and allows the effect of different schedules 
to be compared between centres. Using the Ellis 
formula the NSD, expressed as rad equivalent 
therapy (ret) units, given to the Bristol children was 
1000 rets. The Manchester children with lower GH 
responses were given 1070 rets and those with the 
higher GH responses received 900. 
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The difference of 170 rets in the NSD values of the 
irradiation given to the two groups of Manchester 
children could account for the differences found in 
GH response; the higher dose would be expected to 
be more damaging to normal tissue. The finding that 
at a ret value of 1000 given to the Bristol children no 
lowering of GH response occurred, suggests that the 
‘safe’ upper limit of cranial irradiation in ALL lies 
somewhere between 1000 and 1070 rets. 

Three of the 4 Manchester children reported as 
having biochemical evidence of GH deficiency were 
growing normally (Shalet ez a/., 1976). It is difficult 
to accept the concept of normal growth velocity 
with diminished GH reserve, and it remains to be 
seen whether these children's growth becomes 
abnormal. 

There is considerable variation in the GH results 
from different laboratories and each must define its 
own criterion of normality. The Manchester group's 
definition of an impaired GH response (GH — 20 
mUJ/l after adequate hypoglycaemia) and the insulin 
dosage are different from ours, but results from a 
recent Scottish survey show no significant difference 
in growth velocity between a group of children with 
GH responses (to insulin hypoglycaemia) of 10-20 
mU/l and those with levels greater than 20 mUJ/I 
(G. Vimpani, personal communication). 

In the present study children with peak GH levels 
of 8-15 mU/l, which we regard as normal, were 
growing at a minimum velocity of 5-2 cm/year at 
the time of study. Furthermore the mean GH peak 
responses are similar to that of our normal children 
(Savage et al., 1978). 

Diminished GH reserve after cranial irradiation 
with 2000 rads is reported to be of variable timing 
with suggestions of an immediate although transient 
treatment-induced suppression (Dacou-Voutetakis 
et al., 1975), orthelater appearance of GH deficiency. 
In our study the mean interval between irradiation 
and the endocrine testing was 4-8 years; there was 
no relationship between the interval from irradiation 
and the child's GH response. 

There is firm evidence for GH deficiency in 
children who have received cranial irradiation for 
intracranial tumours (Shalet ez al., 1975; Richards 
ef al., 1976). These patients have often had the 
associated problems of raised intracranial pressure, 
neurosurgical exploration, and a much higher dose 
of irradiation. Their data are therefore not strictly 
comparable. The possibility remains however that 
children who have received a lower dose of cranial 
irradiation may develop diminished hypothalamic- 
pituitary reserve later. 

In an earlier study (Siris e£ al., 1976) which 
examined pubertal development in childhood 
leukaemia, 7 of 35 children were found to have 


abnormal gonadotrophin or gonadal steroid levels. 
But 5 of the 7 were in relapse or had myeloid 
leukaemia and the remaining 2 later reverted to a 
normal endocrine and clinical state. In Shalet's 
group 2 of 7 prepubertal girls were reported as 
having probable ovarian failure; they suggested that 
cyclophosphamide was responsible (Shalet et al., 
1977). In our study gonadotrophin reserve and 
gonadal steroid levels were in all cases appropriate 
for the children's stage of pubertal development. 
Prepubertally it is not always possible to recognise 
hypogonadotrophic hypogonadism, and clinical 
follow-up will decide the validity of the responses in 
these children. The low LH peak (7-6 U/l) in one 
postmenarchal girl is compatible with her being in 
the early follicular phase of the menstrual cycle at 
the time of testing (McNeilly and Hagen, 1974). 

The site of radiation damage to the hypothalamic- 
pituitary axis is unknown. The pituitary is generally 
considered to be relatively radioresistant, probably 
because histological pituitary cell necrosis is rarely 
seen after irradiation (Lawrence et al., 1971). Ratio- 
therapy may however alter pituitary cell function, 
increase permeability of the blood-brain barrier to 
potentially encephalotoxic drugs, or damage the 
vasculoglial tissues of the hypothalamic-pituitary 
axis affecting the synthesis and release of hypo- 
thalamic releasing hormones. 

During craniospinal irradiation the thyroid is 
estimated to receive 500-600 rads. Thyroid cancer 
has been documented in 7% of patients up to 25 
years after receiving radiotherapy for benign child- 
hood conditions of the throat, neck, and chest in 
doses as small as 300 rads (Refettoff et a/., 1975). In 
contrast, after this amount of radiation primary 
hypothyroidism is far less common. It is essential 
thereforeto examine the thyroid gland for many years 
during follow-up after craniospinal irradiation. 

Radiotherapists have attempted to find the smallest 
effective dose of irradiation required to eradicate 
CNS leukaemia (Hustu eż al., 1973). If evidence 
becomes available that the marginally higher doses 
of irradiation used in some centres causes GH 
deficiency, without therapeutic benefit, then the 
lower effective dose as used in the present series 
would be advisable. However a clear distinction 
must be made between what might be a statistically 
lower response to GH stimulation tests and a real 
effect on growth and development. 

As modern therapeutic regimens allow the real 
possibility of a cure in many children with ALL and 
other forms of cancer, the long-term morbidity of 
various schedules is of great importance. The on- 
going care of these children must involve not only a’ 
regular review of the treated neoplastic condition 
but a continuing careful surveillance of growth and 
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development. We suggest, however, that endocrine 
investigation is necessary only if growth and 
development give cause for concern. 


We thank Professor N. R. Butler for allowing study 
of patients under his care, Dr P. Stevenson under 
whose guidance many of these children achieved 
remission; Dr K. McGowan and D. Murphy of 
Bristol Royal Infirmary, Dr D. Goldie of Southmead 
Hospital, Dr L. Rees of St Bartholomew’s Hospital, 
and Dr H. Griffiths of the Tenovus Institute, Cardiff 
for hormone estimations; and Dr I. Gordon for 
bone age estimations. 
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Significance of raised immunoglobulin M levels in 
cord blood of small-for-gestational-age infants 
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Hammersmith Hospital, London 


SUMMARY Cord IgM values were determined in small-for-gestational-age infants born at Hammer- 
smith Hospital during a 51-year period. 121 (12-557) infants had levels >0-2 g/l; in 92 these were 
between 0-21 and 0:3 g/l. In only 18 (14-87) was a level of 0:4 g/l exceeded, and 5 proved cases 
of intrauterine infection—rubella (2), syphilis (2), and toxoplasmosis (1)—were in this group. The 
factor most often associated with cord IgM >0-4 g/l was prolonged rupture of the membranes. 
There was an increased incidence of blood group B among the mothers, probably reflecting the 
greater number of nonCaucasian women giving birth to small-for-gestational-age infants. Deter- 
mination of cord IgM did not help significantly in diagnosis. 


Realisation of the development of immune compe- 
tency in the fetus during the latter half of pregnancy 
(Silverstein, 1962) has led to immunoglobulin M 
(IgM) levels being estimated in cord blood to help 
in the diagnosis of intrauterine and perinatal 
infections (Alford et al., 1967). As IgM does not 
normally cross the placenta, any present in cord blood 
is presumed to have been produced by the fetus and 
it has been suggested there is a close correlation 
between its circulating level at birth and fetal 
infection (Alford et al., 1967; Sever, 1969). However, 
the incidence of abnormal cord IgM levels, >0-20 
g/l, varies from 4% of all deliveries in North 
America (Alford, 1971) to 60% in urban Peru 
(Lechtig and Mata, 1971), and the value of these 
estimations as a screening procedure is still not 
established. Some infants with proved intrauterine 
infections may have normal values (Alford, 1965), 
while apparently normal babies have raised levels 
for which no cause can be found. We have tried to 
assess whether routine measurement of cord IgM in 
small-for-gestational-age (SGA) infants has been 
helpful in management, and to relate raised values to 
pregnancy details. 


Patients and methods 


Cord immunoglobulin levels were measured in 
infants born in Hammersmith Hospital between 
January 1971 and July 1976 inclusive, whose birth- 
weights were below the 10th centile for gestational 
age. Gestational age was based on the mother’s 
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menstrual date and the birthweight standards were 
those of Thomson ef al. (1968). The immuno- 
globulin assay used a modified automated immuno- 
precipitin technique on a Technicon Autoanalyser II 
(Larson et al., 1972). The limit of normal values was 
considered to be 0-20 g/l (20 mg/100 ml) based on 
the estimate of 2 SDs above a mean cord value 
(Alford et al., 1967). Cord IgA and IgG levels were 
also estimated by similar methods. 

Serology and viral culture techniques, if appro- 
priate, were used for further screening of infants with 
raised cord IgM values; they aimed to exclude 
congenital toxoplasmosis, rubella, cytomegalovirus, 
and syphilis infections (although all mothers had 
been serologically screened for the last during 
pregnancy). Screening to exclude ECHO, Coxsackie, 
and herpes simplex viral infections was also carried 
out in a few cases. Some infants whose cord IgM 
values were slightly raised (0-21—0-25 g/l), and who 
were clinically normal and thriving, had no further 
investigation. 

An analysis was made of maternal illness and 
certain other features of pregnancy, including drug 
treatment in mothers of infants with raised cord IgM 
levels. Prolonged rupture of the membranes was 
diagnosed when the rupture delivery interval 
exceeded 24 hours. Chorioamnionitis was assumed 
to be present when maternal pyrexia was associated 
with prolonged membrane rupture, when other causes 
had been excluded, but was not necessarily con- 
firmed histologically. Maternal urinary infection was" 
diagnosed in the presence of — 10? organisms/ml on 
urine culture. 
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During the 54-year period there were 9229 live 
births of whom 969 (10-597) were SGA. 121 (12.5%) 
of the SGA, of whom 12 were preterm or less than 
37 weeks’ gestation, had cord IgM levels >0-20 g/l 
and the following details relate to this group. 


Mothers. The relative frequency of maternal infection 
after 20 weeks’ gestation is shown in Table 1. 
Urinary tract infections, predominantly coliform, and 
trichomonal vaginitis were those most commonly 
associated with a raised IgM level in cord blood. 
Four mothers developed a fever in pregnancy, all 
associated with urinary infection. 

In 10 mothers the time between membrane rupture 
and delivery was prolonged and 9 of these women had 
an associated pyrexia during labour suggesting 
chorioamnionitis. Cord blood IgM values in the 
infants born to these mothers comprised the 
majority of those in excess of 0-4 g/l. 

The frequency of recorded maternal drug ingestion 
(excluding oral haematinics) in the latter half of 
pregnancy is illustrated in Table 2. Drug ingestion 
appeared to be relatively uncommon and consisted 
chiefly of antibiotics and chemotherapeutic agents. 

Substantial antepartum haemorrhage occurred 
after 20 weeks’ gestation in 14 (11-5522) cases, 
corresponding to the expected incidence of this 
complication in a group with a high proportion of 
preterm labours. 

28% of the 121 mothers were of blood group B, 
almost double the proportion of this group generally 
found in antenatal patients at the hospital. Two-thirds 


Table 1 Antenatal infection after 20 weeks’ gestation 
Diagnosis No. °% total 
Urinary tract infection 14 11-5 
Trichcmonal vaginitis 13 10-7 
Gonorrhoea 3 2-4 
Syphilis 2 1-6 
Toxoplasmosis I 0-8 


Table 2 Drugs taken after 20th week of pregnancy* 


No. ^5 total 

Total pregnancies where drugs 

ingested 30 25 
Chemotherapeutic agents/antibiotics 20 16-5 
Intravenous iron infusions 6 4.9 
Sedatives 5 4 
Antihypertensives 5 4 
Corticosteroids 3 3-3 
Beta sympathomimetics 4 3-3 
Narcotics (heroin addiction) 1 0-8 


*Excluding oral haematinics. 


of the group B mothers were nonCaucasian and 
nonCaucasians represented just over one-third of 
the whole sample. 


Infants. Of 121 infants, 55 were boys and 66 girls. In 
most the rise in cord IgM level was small—between 
0-21 and 0-3 g/l in 92 (75%) infants (Figure). In 
only 18 (14.875) did the value exceed 0-4 g/l. 
Cord IgA values were raised in 14 (11-557) cases, 
but did not correlate closely with the IgM level. 
Although several infants, mainly preterm, were ill 
in the neonatal period, illness or abnormality could 
not be linked with raised cord IgM. Two neonatal 
deaths occurred, a mortality of 16-5 per 1000: the 
causes of death were hyaline membrane disease and 
intrapartum pneumonia. Cord IgM levels in these 2 
infants were 0-27 and 0-33 g/l respectively. 

Among the 18 infants in whom cord IgM was 
0-4 g/l or above (Table 3) there were 5 cases of 
proved intrauterine infection: rubella (2), syphilis 
(2), toxoplasmosis (1). The cases of syphilis were 
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Figure Cord IgM levels in 121 infants. 





Table 3 Infants with cord IgM 70-4 g/l (n=18) 


No. % total 

Maternal membrane rupture to 

delivery interval prolonged 10 56 
Severe Rhesus haemolytic disease 2 11 
Congenital rubella 2 11 
Maternal syphilis (treated in 

pregnancy) 2 11 
Congenital toxoplasmosis 1 5.5 
Maternal heroin addition 1 5.5 
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detected by maternal serological screening and 
treatment was completed before delivery, while 
rubella and toxoplasmosis were diagnosed retro- 
spectively because of suggestive clinical findings in 
the infant confirmed by the presence of specific 
immunoglobulin. 

Other ill infants in this group included 2 severely 
affected Rhesus babies, one of whom had received 
intrauterine peritoneal transfusions 2 and 4 weeks 
before delivery. 10 of the remaining 11 infants were 
born to mothers after a prolonged membrane rupture 
to delivery interval; the other was born to a heroin 
addict. None of these 11 infants had clinical features 
that could readily be associated with a raised 
cord IgM. 


Discussion 


Many SGA infants are born to underprivileged 
mothers, who as a group are more susceptible to 
certain infections in pregnancy (Naeye and Blanc, 
1970; Stern and Tucker, 1973). If screening of cord 
IgM were, therefore, to prove helpful but could not 
be applied on a large scale for economic reasons, 
selection of SGA infants as the group at greatest risk 
might prove a satisfactory compromise. Mellits 
(1971) stated that estimation of cord IgM is not an 
effective device for identifying children who will have 
an abnormal outcome. Hardy (1971), however, con- 
sidered that very low and very high values both ap- 
peared significant for neonatal and late abnormality. 
The mean cord IgM is decreased by prematurity 
(Yeager, 1973) and increased by postmaturity 
(Papadatos et al., 1974). One in 8 of SGA infants 
born in Hammersmith Hospital during the period had 
raised values. As proved intrauterine infections were 
comparatively rare in this series (5 cases, 4-1%), 
other antenatal stimuli would seem of greater 
importance in inducing IgM production. In parti- 
cular, foreign antigens other than infecting agents 
may have crossed the placenta to initiate an immune 
response. Maternal pyrexia whether from urinary 
infection or chorioamnionitis has been proposed as 
a potent fetal immune stimulus (Hardy, 1971). 
Many drugs, including antibiotics, taken by 
mothers in pregnancy attain high fetal tissue levels 
(Tuchmann-Duplessis, 1975), but it has not been 
determined which agents, if any, can promote a 
fetal immunoglobulin response. Although 30 (24.8 %) 
mothers in this study had recorded drug ingestion 
in the latter half of pregnancy (Table 2), this probably 
represents an underestimate because many agents, 
especially simple analgesics, may have been for- 
gotten. Morselli e£ al. (1975) found that 4 to 5 
drugs were taken in the average pregnancy. It is 
unfortunately beyond the scope of our investigation 


to say to what extent this group of 121 mothers 
differed in details of their pregnancy from the 
majority of mothers of SAG infants where cord IgM 
values were <0-20 g/l. 

When mothers’ and infants’ blood groups were 
examined twice as many mothers as expected were of 
group B compared with the overall antenatal 
population attending the hospital. This is most likely 
to be a reflection of the greater number of non- 
Caucasian women giving birth to SGA infants, as 
blood group B is more commonly found in non- 
Caucasians (Race and Sanger, 1975). Both infants 
with Rhesus haemolytic disease in the study group 
had cord IgM levels >0-4 g/l and had undergone 
repeated amniocenteses and, in one case, intra- 
uterine transfusion with donor blood. 

The group of infants with cord IgM values 0-4 
g/l contained all those SGA infants with proved 
intrauterine infection. However, most (55%) were 
born more than 24 hours after rupture of the 
membranes in the absence of other adverse factors 
and, in all but one, clinical evidence of cherio- 
amnionitis was present in labour. These infants 
were treated as potentially infected but other 
controlled studies have failed to show a higher 
incidence of invasive infection in such a group 
(Habel et al., 1972; Reid et al., 1972). Our findings 
would suggest that their intrapartum environment 
was sufficient to induce a rise in circulating IgM. 
Chorioamnionitis due to prolonged membrane 
rupture thus appeared to be a more significant cause 
of raised cord blood TgM than infections such as 
rubella and toxoplasmosis. Inapparent infections 
with these organisms and others such as cytomegalo- 
virus could have been missed however, because 
further investigation was not usually performed in 
infants with IgM levels <0-25 g/l if clinical exami- 
nation was negative. Only long-term follow-up 
study of this group with matched controls with 
normal IgM cord values could determine the signi- 
ficance of these minor increases. 

We have to conclude that determination of cord 
IgM in SGA infants born at our hospital has not 
helped significantly with their clinical management 
in the neonatal period. In no case in almost 1000 
SGA infants did later knowledge of a raised cord 
IgM estimation lead to a diagnosis that had_ not 
already been made. 


We thank Dr Heather Freeman, Departments of 
Chemical Pathology and Virology, Royal Post- 
graduate Medical School, for the immunoglobulin 
measurements and viral studies. We also thank Mr 
W. G. MacGregor and Mr D. F. Hawkins for their 
permission to study the mothers’ records, and Dr 
Pamela Davies for help in preparing this paper, 
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Aneurysmal bone cyst 


A report of three cases 


C. R. PULLAN, F. W. ALEXANDER, AND P. C. HALSE 
From the Department of Child Health, Newcastle General Hospital, and Royal Victoria Infirmary, 


Newcastle upon Tyne 


SUMMARY Three children presenting with aneurysmal bone cysts are described. The first patient 
was 10 months old with a cyst of the scapula. The second was more typical but his cyst was treated 
initially as a malignant tumour. In the third child the second cervical vertebra was affected which 
posed considerable problems of management, it was treated by radiotherapy. Despite the problems 


all 3 children have made a good recovery. 


An aneurysmal bone cyst is an uncommon benign 
lesion first defined and given the name by Jaffe and 
Lichtenstein (1942). It may be mistaken initially for a 
malignant tumour. 

It presents most frequently in adolescents and 
young adults with pain or swelling; the spine and 
metaphyses of long bones are most often affected. 
X-ray shows a cystic lesion with expanded cortex 
and periosteal reaction. On exploration a haemor- 
rhagic multilocular cyst is found with fibrous tissue 
and spicules of bone; histology shows a network of 
communicating blood-filled spaces and giant cells. 
Evacuation generally leads to a cure but there may 
be recurrences (Sharrard, 1971). Radiotherapy has 
been used but there is some suspicion of resulting 
sarcomatous change (Tillman ef al., 1968). The 
cause is unknown but there is sometimes a history 
of previous trauma and there may be associated 
bone lesions (Aegerter and Kirkpatrick, 1968; Levy 
et al., 1975). 

Three children recently presented to the Depart- 
ment of Child Health with aneurysmal bone cysts. 
These posed problems of diagnosis and management. 


Case studies 


Case 1. A 10-month-old baby boy presented in 
December 1975. He had been previously well. Four 
days before admission his mother noticed a lump on 
the right shoulder. It did not seem to be painful at 
first but when seen by us he was a little reluctant to 
move the arm and disliked the mass being palpated. 
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There was no history of trauma. Examination was 
normal apart from a firm mass in the right scapula 
measuring 33 cm. X-ray showed a swelling in 
the body of the scapula with cystic and sclerotic 
changes (Fig. 1). 

Biopsy showed a cavity containing blood-stained 
serous fluid, necrotic material, and some loose bone. 
The cavity was curetted. Histology showed numerous 
dilated blood-filled spaces and multinucleate giant 





Case 1. Cystic and sclerotic lesion in scapula. 


Fig. 1 
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cells. There was no evidence of malignancy and the 
appearances were thought to be those of an 
aneurysmal bone cyst. 

He made a good recovery and when last seen 
10 months later the swelling had subsided. X-ray 
showed evidence of healing and was nearly back to 
normal. 


Case 2. A 12-year-old boy presented in the casualty 
department of a neighbouring hospital in December 
1975 after falling in snow. He complained of pain in 
the right upper arm. X-ray showed a spiral fracture 
of the midhumerus and a small bone cyst in the 
upper metaphysis. His arm was put in plaster and 
soon after removal of the plaster he was in a minor 
clash while playing football and returned again with 
pain in the right upper arm. X-ray now showed a 
fracture of the neck of the humerus through the 
cystic area. A further plaster was applied. He con- 
tinued to complain of pain and on removal of the 
plaster the proximal half of the upper arm was 
found to be swollen and tender. X-ray showed ex- 
tension of the cystic area with breaching of the 
cortex and periosteal elevation. A biopsy was per- 
formed and histology suggested an osteogenic 
sarcoma. 

He was transferred to us for radiotherapy. Repeat 
x-rays (Fig. 2) looked more like an aneurysmal bone 





Fig. 2 Case 2. Cystic lesion in upper humerus. 


cyst and further opinion of the biopsy was sought. 
The histology was complicated by fracture callus 
and proliferation of fibroblastic tissue which con- 
tained a number of mitoses. This was thought to be 
more consistent with reactive fibrosis and granu- 
lation than with sarcoma, and a diagnosis of aneurys- 
mal bone cyst was made. The course of radiotherapy 
was terminated. Curettage of the cyst was planned 
but delayed as the biopsy incision site became 
infected. The cyst was then found to be resolving 
and so nothing further was done. When seen 17 
months later he was asymptomatic and x-ray showed 
progressive resolution. 


Case 3. A 13-year-old boy presented in October 
1976 with a 3-month history of stiff neck and 
subsequent swelling on the right side of his neck. 
There was no history of trauma. X-rays showed a 
destructive lesion mainly on the right side of the 
body of C2 but also on the neural arches of C2 and 
possibly C3 (Fig. 3). A biopsy was performed 
through the pharynx. Histology showed multi- 
nuclear giant cells in a not very vascular stroma, 
suggesting a giant cell tumour. In view of the x-rays 
and the boy’s age, it was later thought more likely 
to be an aneurysmal bone cyst. 

Resection or curettage was not thought practicable 
so he was treated with radiotherapy and had a total 
of 2000 rads over 3 weeks. He was nursed in a plaster 
bed. Subsequent x-rays showed recalcification of the 
vertebral body and also extensive calcification of 
the soft tissues both anterior to the first 3 cervical 





Fig. 3 Case 3. Destructive lesion in cervical spine. 


vertebrae and at the back of the neck around the 
laminae of the first 5 cervical vertebrae (Fig. 4). 
There was some forward subluxation of C2 on 
C3 but at no time did he have any neurological 
deficit. After 4 months he was mobilised in a Minerva 
plaster. This was removed after 7 weeks and he wore 
a collar for another 3 months. Nine months after 
radiotherapy he was asymptomatic, cervical spine 
movements were one-third normal, but pain free. 
X-ray showed progressive healing (Fig. 5). 





Fig. 4 Case 3. Six weeks after start of radiotherapy. 
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Fig. 5 Case 3. Nine months after radiotherapy. 
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Discussion 


Cases 2 and 3 illustrate the more common types of 
presentation of aneurysmal bone cyst. They were 
adolescent and had a long bone and the spine 
involved. There was a clear history of trauma in 
Case 2, although not in Case 3. Case 1, however, is 
unusual in the age of presentation (10 months) and 
site (scapula). It is rare to find an aneurysmal bone 
cyst in infancy. Ginsburg (1974) described a neonate 
with an aneurysmal bone cyst after intrauterine 
fracture of the humerus. Levy et al. (1975) reported 
a series of 57 cases including a 5-month-old child 
with an associated unicameral bone cyst of the 
proximal tibia. In a series from the Mayo Clinic of 
92 cases (Tillman et al., 1968) the youngest was 20 
months, and in a series of 16 children from Paris 
(Rigault et al., 1972) the youngest was 3 years. 

In all 3 children the lesion was first considered 
likely to be malignant. There was still uncertainty 
over the diagnosis after histology was obtained in 
Cases 2 and 3. Even after diagnosis was established, 
the treatment in Case 3 gave rise to considerable 
concern because of the site of the lesion. It was not 
considered safe to curette the cyst, so radiotherapy 
despite its small risks was used. There has been a 
satisfactory outcome in all 3 cases. 


We thank Dr R. H. Jackson, Mr G. D. Stainsby, 
and Professor J. Stevens for permission to report 
their cases. 
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Relationship between clinical features of tricyclic 
antidepressant poisoning and plasma concentrations 


in children 


P. CROME AND R. A. BRAITHWAITE 
From the Poisons Unit, Guy’s Hospital, London 


SUMMARY Clinical features and drug plasma concentrations were studied in 13 children admitted 
to hospital with tricyclic antidepressant poisoning. Patients with plasma concentrations below 
500 ug/l had anticholinergic signs and increased reflexes but did not have convulsions or cardiac 
arrhythmias. Four patients with plasma concentrations above 1000 ug/l suffered convulsions, 
cardiac arrhythmias, or prolonged coma. The diagnosis of poisoning in 2 of these cases was made 
only by toxicological analysis. Quantitative estimation of tricyclic antidepressants is useful in 


atypical or severe poisoning both to reach the dia 


of symptoms. 


Accidental poisoning with tricyclic antidepressants 
has become an increasingly common reason for 
children to be admitted to hospital (British Medical 
Journal, 1974; Wynne and Hull, 1977). While most 
children ingest small quantities and show only 
minor symptoms of poisoning, serious manifesta- 
tions of toxicity—such as coma, convulsions, and 
cardiac arrhythmias—are seen in a number of cases 
particularly when the dose ingested is >20 mg/kg 
(Brown et al., 1971; Goel and Shanks, 1974). 

Noble and Mathew (1969), in a review of the 
clinical features of tricyclic antidepressant poisoning 
in adults, reported that neither active drug nor 
metabolite was detected in the plasma of any of their 
patients. They therefore concluded that analysis of 
plasma concentration was of no practical value 
although quantitative confirmation may be required 
—€.g. suspected nonaccidental child poisoning 
(Rogers et al., 1976). Using more refined analytical 
techniques, recent studies have shown that, in adults, 
plasma concentrations of tricyclic antidepressants 
correlate well with the severity of symptoms (Braith- 
waite, 1977; Petit et al., 1977). We have investigated 
the value of plasma drug estimation in the diag- 
nosis and management of tricyclic antidepressant 
poisoning in children. 


Patients and methods 


The study was retrospective and covers 1971-77. 
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gnosis and to give an idea of the likely duration 


All patients under 14 in whom tricyclic antidepres- 
sant concentrations were measured and for whom 
further information was available have been 
included. Blood samples were sent either directly 
for tricyclic antidepressant estimation, or were 
measured after qualitative detection of these drugs 
as an emergency toxicological investigation. Plasma 
tricyclic concentrations were estimated using gas- 
liquid chromatography (Braithwaite and Widdop, 
1971; Dawling and Braithwaite, 1978). 


Case histories 


The clinical features of the 13 patients in this study 
are summarised in Table 1. More detailed histories 
of 3 of them are reported below. 


Case 2. This 11-year-old girl was transferred to a 
neurological centre with suspected brain tumour. 
In the 2 weeks before admission she had been unwell 
with headaches, vomiting, and dizziness. Two days 
before admission she had been found unconscious 
but recovered quickly. On the day of admission she 
was found unconscious at home and appeared to 
have stopped breathing. On arrival at hospital she 
was unconscious with minimal response to painful 
stimuli, the pulse was 108 and blood pressure 
110/60 mmHg. Both optic discs were blurred, there 
was generalised hyporeflexia, and plantar responses 
were extensor. Investigations including lumbar 
puncture and a CAT scan were normal. Drug 
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overdose was then suspected and urine screening 
showed the presence of paracetamol, salicylate, phen- 
othiazines, benzodiazepines, trichloro-compounds, 
and tricyclic antidepressants. The plasma ami- 
triptyline was 1031 ug/l and the nortriptyline 
928 pg/l. 24 hours later she started to recover 
consciousness and had completely recovered by 
the 4th day after admission. It was thought that she 
had taken the overdose as a result of depression 
brought on by viraemia. 


Case 3. This 5-year-old boy suffered convulsions on 
the day after his first diphtheria vaccination. After 
intravenous diazepam given at his local hospital 
his pulse became feeble and respiration depressed. 
He was intubated and given cardiac massage. 
Fundoscopy showed papilloedema, encephalitis was 
suspected and he was transferred to a neurological 
centre. There he was found to respond to painful 
stimuli, tendon reflexes were brisk, and plantar 
response was extensor. His pupils were dilated and 
nonreacting. ECG showed sinus arrest and right 
bundle-branch block and a transvenous pacemaker 
was inserted. The child had been prescribed imi- 
pramine for enuresis but his mother denied the 
possibility of overdose. The combined plasma 
imipramine and desipramine concentrations were 
2500 ug/l. He did not become fully conscious until 
2 days later. Nonaccidental poisoning was suspected. 


Case 9. This 44-year-old boy was admitted with a 
history of six grand mal convulsions during a one- 
hour period. He had also been drowsy for 5 hours 
but his mother at first denied the possibility of drug 
ingestion. On examination he was unconscious but 
responded to painful stimuli. Reflexes were brisk 
and plantars extensor. After admission he had 3 
more convulsions. Four hours after admission he 


started to wake up, but required diazepam to 
control violent behaviour. Two hours later the boy’s 
mother telephoned the hospital to say that 7 tablets 
of maprotiline hydrochloride were missing. A blood 
sample taken on admission was subsequently shown 
to have a plasma maprotiline concentration of 
595 ug/l. 


Clinical features 


Most patients in this series suffered symptoms typical 
of tricyclic antidepressant poisoning ¿(Goel and 
Shanks, 1974), although two (Cases 2 and 3) had 
papilloedema which had not previously been 
described. Case 2, despite having high plasma drug 
concentrations, had no abnormal cardiac or anti- 
cholinergic signs. It is possible that these features 
were masked by the presence of the other drugs she 
had taken in overdose although the plasma con- 
centrations of these other drugs were low. Case 9 
presented with status epilepticus without any 
cardiac abnormalities. On admission his mother 
denied the possibility of drug overdose and had she 
not subsequently discovered that some tablets were 
missing the child might have been labelled epileptic. 


Severity of symptoms and plasma concentrations 


The severity of poisoning shown by the patients in 
this series may be divided into three groups (Table 
2). Plasma concentration increases with increasing 
severity of poisoning. 


Discussion 
Our results suggest that there is a relationship 


between plasma concentrations of tricyclic anti- 
depressants and the clinical features in overdose. 


Table 2 Severity of poisoning and plasma concentrations 
———————————— À— 


Plasma concentrations* (\1g/1) 


Severity of poisoning Case no. Symptoms 
Mean Range 
Ee OS 
Mild 1 Anticholinergic signs 327 87-415 
4 
5 
6 Pyramidal signs 
11 
13 
Moderate 8 As mild poisoning plus convulsions 595 595 
9 
Severe 2 As moderate poisoning plus 3005 819-6900 
3 cardiac arrhythmias and prolonged coma 
7 
10 
12 


——M——————Ó cee 
*Patients 8 and 11 excluded because only the active metabolite was estimated. 
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There are no other studies in children with which 
to compare our results and very few in adults. 
Petit et al. (1977) studied 40 patients with tricyclic 
antidepressant poisoning and found that patients 
with plasma drug concentrations — 1000 ug/l had 
higher incidences of artificial respiration, coma, 
convulsions, cardiac arrest, tachycardia, delayed 
intraventricular conduction, and cardiac arrhyth- 
mias than those with plasma concentrations — 1000 
ug/l, in agreement with the findings of Braithwaite 
(1977). Hallstrom and Gifford (1976) however, 
found no relationship between plasma concentrations 
and clinical features but only one of their patients 
had severe poisoning. Fournier (1973) reported 
that there was no relationship between plasma 
concentrations and the QRS interval but that drug 
estimation was of value as it gave an idea of the 
duration of the patient’s illness. 

It is generally impracticable and unnecessary to 
measure drug concentrations as most patients are 
only mildly affected and the diagnosis is known. 
Plasma estimation is of value in atypical or severe 
poisoning (especially if the patient is receiving the 
drug therapeutically) both to make the diagnosis 
and to give some idea of the likely duration of 
symptoms. 


We thank Drs R. Goulding and G. N. Volans for 
help and those physicians who supplied follow-up 
information about their patients. 


References 


Braithwaite, R. A. (1977). Tricyclic antidepressant poison- 
ing—clinical effects and plasma levels. In Clinical 


Toxicology. Proceedings of the European Society of 
Toxicology Congress 1977, volume eighteen, pp. 231-233. 
Edited by W. A. M. Duncan and B. J. Leonard. Excerpta 
Medica International Congress Series No. 417. Excerpta 
Medica: Amsterdam. 

Braithwaite, R. A., and Widdop, B. (1971). A specific gas 
chromatographic method for the measurement of 'steady- 
state’ plasma levels of amitriptyline and nortriptyline in 
patients. Clinica chimica acta, 35, 461—472. 

British Medical Journal (1974). Editorial: Irresponsible 
poisoning. British Medical Journal, 1, 296-297. 

Brown, T. C. K., Dwyer, M. E., and Stocks, J. G. (1971). 
Antidepressant overdosage in children—a new menace. 
Medical Journal of Australia, 2, 848-851. 

Dawling, S., and Braithwaite, R. A. (1978). A simplified 
method for monitoring tricyclic antidepressant therapy 
using GLC with nitrogen detection. Journal of Chromato- 
graphy, 148, in press. 

Fournier, E. (1973). Intoxications par les antidépresseurs 
tricycliques. Thérapie, 28, 307—320. 

Goel, K. M., and Shanks, R. A. (1974). Amitriptyline and 
imipramine poisoning in children. British Medical Journal, 
1, 261-263. 

Hallstrom, C., and Gifford, L. (1976). Antidepressant blood 
levels in acute overdose. Postgraduate Medical Journal, 
52, 687—688. 

Noble, J., and Mathew, H. (1969). Acute poisoning by 
tricyclic antidepressants: clinical features and management 
of 100 patients. Clinical Toxicology, 2, 403-421. 

Petit, J. M., Spiker, D. G., Ruwitch, J. F., Ziegler, V. E. 
Weiss, A. N., and Biggs, J. T. (1977). Tricylic anti- 
depressant plasma levels and adverse effects after overdose. 
Clinical Pharmacology and Therapeutics, 21, 47—51. 

Rogers, D., Tripp, J., Bentovim, A., Robinson, A., Berry, 
D., and Goulding, R. (1976). Non-accidental poisoning: 
an extended syndrome of child abuse. British Medical 
Journal, 1, 793—796. 

Wynne, J., and Hull, D. (1977). Why are children admitted 
to hospital? British Medical Journal, 2, 1140-1142. 


Correspondence to Dr P. Crome, Poisons Unit, 
Guy's Hospital, London SEI 9RT. 


Archives of Disease in Childhood, 1978, 53, 906-915 


Short reports 


Congenital nephrogenic diabetes 
insipidus in a baby girl 


Nephrogenic diabetes insipidus (NDI) is generally 
transmitted as a sex-linked recessive disorder (Bode 
and Crawford, 1969), but sporadic cases have been 
reported in both sexes (Anand et al., 1972; Zimmer- 
man and Green, 1975). Recent studies of NDI 
suggest a defect in the adenylate cyclase enzyme 
system which is believed to mediate the action of 
antidiuretic hormone on the renal tubule (Bell et 
al., 1974; Monn et al., 1976). This report describes a 
15-month-old girl with severe NDI in the absence 
of a family history of the disorder. 


Case history 


This 15-month-old child was first seen at 6 weeks 
for fever and possible sepsis. She was the product of 
a 36-week gestation and normal delivery with a 
birthweight of 1-9 kg. There was no family history 
of diabetes insipidus or of similar symptoms. On 
admission she was lethargic and dehydrated with 
doughy skin. Urine specific gravity was 1-008 and 
urine osmolality 247 mmol/kg water. The serum 
Na concentration was 170 mmol/l, Cl 147 mmol/l, 
bicarbonate 13 mmol/l, K 4:3 mmol/l, blood urea 
nitrogen 28 mmol/l (80 mg/100 ml), serum creati- 
nine 97 umol/l (1-1 mg/100 ml) and serum 
osmolality 379 mmol/kg water. Blood, urine, and 
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spinal fluid cultures were negative. She was given 
0-355 sodium chloride IV but her weight decreased 
by 755 during the next 8 hours and her urine output 
averaged 20 ml/h despite the severity of dehydration. 
She was then considered to have diabetes insipidus. 
After dehydration and anaemia were corrected she 
was given 0-05 units aqueous vasopressin IV 
followed by an infusion of 0-05 units over one hour. 
The urine volume before, during, and after the 
infusion was 25-28 ml/h and urine osmolality was 
always less than 75 mmol/kg water. Subsequently, 
the IM administration of 0-5, 1-0, and 2-0 units 
Pitressin tannate in oil on successive days did not 
lead to a change in urine volume or osmolality. A 
voiding cystourethrogram was normal and although 
the excretory urogram showed poor visualisation of 
the kidneys because of a lack of concentration of 
contrast material, there was no evidence of hydro- 
nephrosis. 

After informed consent had been obtained from 
both parents, she was admitted to the clinical 
research centre at 15 months. Her developmental 
appraisal was normal. The serum electrolytes, blood 
urea nitrogen, and creatinine were normal. Urinary 
screen for amino-acids and sugars was normal. 
Mild bilateral hydronephrosis, hydroureter, and a 
large bladder were seen on the excretory urogram. 
Both parents demonstrated the ability to concentrate 
urine to greater than 850 mmol/kg water when 
deprived of water for 12 hours. 








15-min Urine Osmolality (mmol/kg per water) Inulin clearance Cyclic-AMP 
intervals volume 
ml/min Urine Serum ml/min per 1-73 m? Concentration Excretion 
pmol/l nmol/min 

Control period 

1 2.7 34 0-06 0-16 

2 2.3 35 278 50 0-06 0-14 

3 2-1 30 0-07 0-15 

4 1-9 31 0-14 0-26 
Mean 2-3 33 0-08 0-18 
Test period (vasopressin 8 mU|/kg per hour) 

5 5 32 0-09 0-22 

6 2.5 33 268 $23 0-06 0-15 

7 2-0 28 0-06 0-13 

8 2-8 34 0-07 0-19 
Mean 2.5 32 0-07 0-17 
After test 

9 2:7 34 0-08 0-21 
10, 2.5 35 272 60 0-07 0-17 
11 2-3 31 0-15 0-35 
12 1-8 36 0-14 0-27 
Mean 2.4 34 0-11 0-25 
~A 
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Cyclic-AMP study. The results are summarised in 
the Table. Neither the urine volume nor osmolality 
changed appreciably during the study. The inulin 
clearance increased by 20% from 50 ml/min to 
60 ml/min per 1-73 m?. The urinary concentration 
of 3', 5'-adenosine monophosphate (cyclic-AMP) 
averaged 0-08 pmol/ul during the control period, 
0.07 pmol/ul during the test period, and 0-11 
pmol/ul the following hour, a 37% increase over 
the control value. The rate of excretion of cyclic- 
AMP averaged 0-18 nmol/min for the control 
period, 0-17 nmol/min during the test period, and 
0-25 nmol/min the following hour, a 39% increase 
over the control value. 


Discussion 


While investigators have debated the pattern of 
inheritance of NDI, the ‘Hopewell hypothesis’ of 
Bode lends strong evidence that NDI is a sex- 
linked disorder (Bode and Crawford, 1969). Bode 
also found that most female carriers suffer a partial 
defect of concentrating ability with maximum 
specific gravity reduced to less than 1-018. The 
partial expression of the defect in carriers has been 
explained by the Lyon hypothesis of random X 
chromosome inactivation. This theory may help to 
explain the fairly large numbers of women with 
NDI that have been reported. It is probable that 
many of these were carriers. There are few well 
documented recent reports of women with the full 
expression of this disorder (Wiggelinkhuizen et al., 
1973; Zimmerman and Green, 1975). 

NDI is generally associated with otherwise 
normal renal function. Although our patient has 
developed hydronephrosis, this is a known com- 
plication of NDI (Wiggelinkhuizen et al., 1973). The 
hydronephrosis is thought to arise from a functional 
obstruction due to a large flow of urine relative to 
the size of the collecting system, and may be severe 
enough to produce renal damage necessitating 
urinary diversion procedures. The glomerular 
filtration rate (GFR) in our patient has been below 
normal, presumably as a result of hydronephrosis. 

In recent years, the role of the adenylate cyclase 
enzyme system in the pathophysiology of NDI has 
been studied (Dousa, 1974). However, clinical studies 
on the urinary excretion of cyclic-AMP in response to 
vasopressin administration have yielded disparate 
results. Some groups have reported that normal 
subjects and patients with vasopressin sensitive 
diabetes insipidus increased their urinary excretion 
of cyclic-AMP when infused with vasopressin, 
while this response was not observed in patients 
with NDI (Bell et al., 1974). Bell et al. (1974) reported 
at least a 10-fold increase in the urinary cyclic-AMP 
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concentration in normal subjects and patients with 
diabetes insipidus while no increase occurred in 
those with NDI. Others have been unable to verify 
these results (Raij et al., 1974). 

Monn et al. (1976) evaluated the response of 5 
men with congenital NDI to ADH infusion. Three 
showed a 31-55% increase, one a 127; increase, and 
one patient a 9% decrease in urinary cyclic-AMP. 
They thought that NDI might be a heterogeneous 
disorder, like pseudohypoparathyroidism. Obviously, 
data on more patients are needed before drawing 
conclusions. 

Zimmerman and Green (1975) reported a sporadic 
case of severe NDI in a young gir! in whom the 
urinary cyclic-AMP excretion increased by 89% in 
response to vasopressin. They have proposed two 
types of NDI. Type I is the classical sex-linked 
disorder without urinary cyclic-AMP response to 
vasopressin. In type If NDI urinary cyclic-AMP 
does increase, suggesting that the defect is distal to 
the formation of cyclic-AMP. They also suggested 
that the inheritance of type II is not in accordance 
with the sex-linked recessive mode. 

In our patient there was a 39% increase in the 
rate of cyclic-AMP excretion after the vasopressin 
infusion. Because of the increased GFR, it is 
possible that the increased cyclic-AMP excretion 
was derived in part from the plasma and not from 
the kidney itself. It is not clear why the GFR 
increased during the study, but it may indicate that 
her renal function improved as a result of relief of 
the functional urinary obstruction by the indwelling 
bladder catheter. 

We do not know whether our patient's hydro- 
nephrosis might have affected the cyclic-AMP 
response to vasopressin. Monn et al. (1976) reported 
decreased urinary cyclic-AMP excretion in patients 
with structural renal disorders. It is possible that 
increased intraluminal tubular pressure may alter 
the response of the adenylate cyclase system of the 
renal tubule to vasopressin. 

In light of the conflicting clinical studies, it 
appears premature to classify NDI on the basis of 
urinary cyclic-AMP response to vasopressin until 
further studies yield consistent results. 


Summary 


A 6-week-old girl with fever, hypernatraemia, 
dehydration, and polyuria failed to concentrate 
urine in response to exogenous vasopressin ad- 
ministration. There was no family history of 
nephrogenic diabetes insipidus. When she was 15 
months old, the infusion of vasopressin did not 
produce an increase in urinary cyclic-AMP. 
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Heart failure apparently due to 
overfeeding in a neonate 


Congestive cardiac failure in the newborn period is 
usually due to congenital heart disease, endo- 
cardial fibrolastosis, storage diseases, and occasion- 
ally, to infections. Heart failure also occurs iatro- 
genically due to fluid overload during intravenous 
therapy. We report what we believe to be the first 
recorded case of heart failure in infancy due to 
overfeeding by the mother. 


Case report 
The baby, a girl, was born by normal delivery at 38 


weeks' gestation after an uncomplicated pregnancy 
to a healthy 25-year-old woman and was her first 


child. Birthweight was 2670 g which was between 
the 10th and 25th centiles for gestational age. There 
were no problems and she was breast fed, being 
discharged home on the 5th day weighing 2620 g. 
The mother took the baby to her local infant welfare 
clinic and was told by the doctor that as the baby 
was small she should be fed as much as possible. 
The mother then supplemented breast feeding by 
giving the baby 200 ml/kg per day of a mixture of 
two-thirds cows’ milk and one-third water and, 
during the next 2 weeks, the baby gained some 
500 g (Fig. 1). As the mother felt that breast feeding 
was inadequate, she changed over completely to 
bottle feeding with feeds every 3 hours, each lasting 
one hour, and a total intake of some 300 ml/kg per 
day. By the 4th week of life the infant had risen 
from the region of the 10th to the 50th centile (Fig. 
1) but she was by now feeding poorly, breathless, 
and vomiting. She was seen at hospital and im- 
mediately transferred to our newborn intensive care 
unit as she was in severe congestive heart failure. 








Centile 
45 75 
50 
4:0 
o 
aie 
L 
D 
(7 
z 
30 
Admission 
2.0 NS 
38 40 42 44 46 
Postconceptional age (weeks) 
Fig. 1 Centile chart for weight for the first 2 months 
of life. 


On admission she had a generalised greyish mottled 
appearance with gasping respiration at a rate of 
120/min. There were diffuse crepitations over the 
lungs, pitting oedema of the extremities, and the 
liver was enlarged 5 cm below the costal margin. 
The heart sounds and pulses were normal and blood 
pressure was 70/40 mmHg in both arms and legs. 

Chest x-ray showed cardiomegaly and probable 
pulmonary oedema (Fig. 2a) but the ECG was 





bk" 


(a) 


Fig. 2 (a) Chest x-ray on admission to hospital in 
severe heart failure showing cardiomegaly, and probably 
pulmonary oedema. (b) Chest x-ray one week later 
showing regression of all the changes. 





(b) 


unremarkable except for a QT interval of 0-3 
second. The patient was hypoxic while breathing 
air but Po, rose to 32-7 kPa (242 mmHg) breathing 
oxygen. Blood urea nitrogen was 2-7 mmol/l 
(16 mg/100 ml), Na 134 mmol/l, and K 5-1 mmol/l. 
Serum Ca was considerably reduced at 1-33 mmol/l 
(5-3 mg/100 ml), and P raised at 2-62 mmol/l 
(8-1 mg/100 ml). Haematocrit was 12 g/100 ml and 
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other haematological values were unremarkable. 
Cultures of blood and CSF gave no evidence of 
bacterial or viral infection. 


Treatment was begun immediately with digoxin, 
frusemide, and calcium gluconate IV with total 
fluid restricted to approximately 100 ml/kg per 
24 hours. She rapidly improved during the next 4 
days, weight falling to below the 10th centile (Fig. 
1), and all signs of heart failure disappearing. 
Chest x-ray returned to normal (Fig. 2b). Serum 
Ca rose to 1-8 mmol/l (7-2 mg/100 ml) by 12 hours 
after starting treatment and calcium therapy was 
stopped after one week without any problem. The 
prolonged QT interval had also returned to normal 
(0-13 second). 


The baby was discharged home after 10 days 
being fed 150 ml/kg per day of humanised milk 
(Similac) and at follow-up 3 weeks later she was 
completely well although her weight had again 
reached the 50th centile, Fig. 1. 

She has remained well and was last seen aged 13 
months weighing 8:97 kg (25th centile). 


Discussion 


We believe that we excluded the common causes 
for heart failure in this infant and her recovery was 
so rapid and complete that we find it difficult to 
believe that it was due to viral myocarditis. It seems 
likely that fluid overload was the basic cause but the 
hypocalcaemia, itself probably due to the excessive 
intake of cows’ milk, may have contributed 
(Troughton and Singh, 1972). Even allowing for the 
dilution of the milk used, the much higher con- 
centration of sodium in cows' milk compared with 
breast milk and the huge amounts given could well 
have exceeded the renal capacity for excretion. In 
addition the known inability of the immature 
kidney to handle a large water intake could have 
been instrumental in causing the heart failure 
(Ames, 1953). In this context it is interesting that 
the infant was subsequently able to gain weight 
rapidly on a low sodium milk without developing 
heart failure, presumably because this was a true 
increase in tissue and not just water retention. 


Summary 


Severe heart failure in a one-month-old infant is 
described, apparently due to the administration of 
cows’ milk in the region of 300 ml/kg per day. 
There was also pronounced hypocalcaemia. The 
infant responded rapidly to treatment with no 
evidence of intrinsic heart disease. 
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Adenoidectomy 


An evaluation of the indications 


For over 100 years it has been accepted that the 
symptoms associated with disease of the adenoids 
are: nasal obstruction with mouth breathing, 
snoring, recurrent earache, anterior and posterior 
nasal discharge, cough, and speech defect (Meyer, 
1870). 

Many authorities feel that these symptoms are 
due to simple hypertrophy of the adenoids; in 
Gray’s Anatomy it is stated that overgrowth of the 
adenoid obstructs respiration through the nose and 
results in mouth breathing, and causes deafness by 
blocking the eustachian tube (Davies and Davies, 
1962). A statistical correlation has been shown 
between the size of the adenoid (ascertained by 
clinical examination) and the presence of fluid in 
the ear in a group of children (Murray et al., 1968). 

However, Mawson (1971) postulates that hyper- 
trophy of the adenoid causes only recurrent ear- 
ache, mouth breathing, and snoring, and that the 
other symptoms are due to chronic adenoiditis. 
Others have stated that the concept of an infected 
adenoid is incorrect, that the symptoms are due to 
hyperplasia alone, and that septic foci have not 
often been shown histologically in the adenoid 
(Guida, 1930; Lemere, 1932; Osborne and Royd- 
house, 1976). 

A random survey of ENT surgeons (Hibbert, 
1977) showed that 80% felt that a history from the 
mother of nasal obstruction and snoring was 
important in the diagnosis of enlarged adenoids. 
75% of surgeons considered that it was the size of 
the adenoid which caused the symptoms. 

The purpose of the present study was to investigate 
the relation between the signs and symptoms usually 
attributed to adenoid hypertrophy and the actual 
size of the adenoid removed at surgery. 


Material and method 


76 children were chosen consecutively from the 
waiting list. There were 50 boys (median age 6 years 
9 months; range 2 years 11 months-10 years 9 
months) and 26 girls (median age 7 years 6 months; 
range 4 years 10 months-10 years 10 months). The 
parents of the children were interviewed by one 
of us (J.H.) and asked about symptoms. The 
child was then examined for mouth breathing, 
abnormality on anterior rhinoscopy, and serous 
otitis media. The presence of a symptom or sign was 
scored as +1. No attempt was made to differentiate 
between degrees of any sign or symptom. The 
adenoids were then removed (by J.H.) using a 
standard technique and washed, dried, and weighed. 


Analysis of the data. The results were arranged in 
order of increasing weights of adenoids and then 
divided into 4 groups by quartiles. The number of 
positive scores for each sign and symptom was 
noted for each of these groups. The data were 
submitted to a y? test to determine if the total 
number of positive scores increased with increasing 
size of adenoids. Each symptom and sign was tested 
separately to assess whether there was a correlation 
between scores and increasing size. 

The randomness of distribution of the scores was 
also assessed by the theory of runs using the data 
arranged in order of weight of the adenoids. 

The weight of the adenoid may vary with age and 
thus interfere with the distribution of the symptoms 
against the weight. Therefore regression of the 
adenoidal weight against age was done by the least 
squares method (using log,, weight since the weight 
of the adenoid follows a log normal distribution 
(Hibbert, 1978)). 


Results 


The incidence of the various symptoms and signs is 
shown in the Table, divided by quartiles according 
to weight of the adenoid. Increasing frequency of 
scores with increasing weight was recorded for 
snoring only (y?—9.32, 3 d.f., P<0-05). The 
results for the remaining observations were non- 
significant. In addition a y? test for trend showed 
that there was significant regression for the snoring 
group (x? =7-97, 2 d.f., P— 0-05). 

The number of runs for any of the symptoms and 
signs did not show a significant deviation from 
randomness. 

There was no correlation between the log weight 
and the age (r—-— 0-06, r=0-52, 74 d.f.) Age 
dependent variation in weight was thus excluded as a 
factor interfering with a random distribution. 


4 


Table Symptoms and signs—number of positive scores 
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Quartile* Nasal Snoring Rhinorrhoea Cough Speech Abnormality on Mouth Serous 
obstruction defect anterior rhinoscopy breathing otitis 
1 14 12 3 5 11 1 5 7 
2 10 12 3 3 7 3 7 8 
3 12 17 7 4 10 3 9 8 
4 13 18 3 2 12 6 9 11 
x2 2-01 9-32 0-717 0-091 2.95 1-42T 2-43 1-92 
344. 34. 1 d.f. 1 df. 3 d.f. 1 d.f. 3 df. 3 df. 
NS P<0-05 NS NS NS NS NS NS 
xi? 7:97 
2 d.f. 
P<0-05 
Xa? 1-35 
1 d.f. 
NS » 


*19 children in each quartile. 
tWith Yates's correction. 


Discussion 


In this series there was little correlation between the 
size of the adenoid and the symptoms and signs 
usually attributed to adenoidal hypertrophy. Assum- 
ing that this series is representative of children 
referred for adenoidectomy there appear to be 3 
possible interpretations of our findings: (1) the 
symptoms and signs are due, not to the absolute 
size of the adenoid, but to its size relative to the 
size of the postnasal space (Adair-Dighton, 1912). 
It has been shown however that the reduction in 
size of the nasopharyngeal airway correlates very 
closely to the size of the adenoid (Hibbert, 1978). 
The absolute size of the nasopharynx is therefore 
probably not relevant. (2) The symptoms and signs 
are not due to hypertrophy but to chronic infection 
of the adenoid. However, chronic infection has only 
on rare occasions been demonstrated histologically ; 
furthermore, a preliminary pilot study performed 
by us has shown reactive hyperplasia in the adenoid 
with evidence of inflammation only on the surface. 
(3) The symptoms and signs usually attributed to 
adenoidal hypertrophy are due to some other factor 
and are not related to the adenoid. 


Summary 


A. group of 76 children who had been listed for 
adenoidectomy was investigated by scoring the 
symptoms and signs usually attributed to adenoidal 
hypertrophy, and removing the adenoids and 
weighing them. With the possible exception of 
snoring there was no correlation between the size of 
the adenoids and the symptoms usually attributed 
to hypertrophy of this organ. 


We wish to acknowledge our gratitude to those 
consultants who allowed us access to their patients, 


to Dr Ian McDicken, Department of Pathology, 
University of Liverpool who did the histological 
examination, and to Mrs P. O'Brien who did the 
typing. 
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A case of paragonimiasis 


Human infestation with a Paragonimus parasite, a 
genus of fluke (trematode), is generally regarded as 
a problem confined to the Far East from whence 
most of the literature on the subject has originated. 
The disease caused by this parasite also occurs in 
tropical Africa and since the civil war paragonimiasis 
has become endemic in eastern Nigeria with in- 
fection rates of between 5 and 1075 (Nwokolo, 
1972a, b). No age is immune but the disease is 
particularly prevalent in the 10-14 year age group 
(Nwokolo, 1972a, 1974). 

Paragonimiasis is acquired by eating freshwater 
or land crabs or crayfish that have been inadequately 
cooked. These infected and improperly cooked 
crabs are intermediate hosts for the parasite and are 
probably the cause of the recent increase in para- 
gonimiasis (Nwokolo, 1974). Wild boars and pigs 
have recently been shown to be paratenic hosts of 
Paragonimus westermani and human disease can 
result-from eating raw meat from these animals (Miya- 
zaki and Habe, 1976). 

This case of paragonimiasis in a Nigerian child, 
now resident in Britain, is of interest not only 
because it appears to be the first of its kind diag- 
nosed in this country, but also because it demon- 
strates the need to be on the alert for ‘imported 
disease’ and shows we must broaden diagnostic 
parameters to take into account the constantly 
changing epidemiology of disease. 


Case report 


First admission. A 21-year-old Ibo girl presented at 
Booth Hall Hospital 3 weeks after arriving in 
Britain. She complained of a painful left knee of a 
few hours’ duration but was otherwise well and 
x-rays of the hip and knee were normal. After a 
period of observation she was allowed home. Her 
blood count showed an absolute eosinophil count 
of 4 x 10?/1 (4000/mm?). 


Second admission. 19 days later the child was again 
admitted with a swelling in the left infraclavicular 
region which had been noticed that morning. There 
was no history of cough, haemoptysis, anorexia, or 
weight loss. The delivery at the Teaching Hospital 
Enugu, Nigeria, had been normal with a birth 
weight of 2-7 kg. No other country had been visited 
before immigration here. She had had BCG vac- 
cination at 4 months and received smallpox and 
yellow fever vaccinations before travelling. The 
family history was negative. 

Subsequent interrogation found that the child had 
eaten crayfish while in Nigeria, 


On examination she was afebrile and did not 
appear ill. Height and weight were on the 75th 
centile (Tanner). Discrete, nontender axillary, 
submandibular, and inguinal nodes of 1 cm were 
present bilaterally. The chest swelling was about 
10 cm in diameter with ill-defined margins. It was 
neither tender nor warm: it felt cystic and seemed to 
be in the muscle layer. There was no decrease in 
air entry or change in percussion note over the chest. 

Investigations showed Hb 12 g/dl: WBC 27-6 x 
10?/1 (27 600/mm?) with 49°% eosinophils (absolute 
eosinophil count of 14 x 10?/1; 14000/mm?); ESR 
37 mm in Ist hour Westergren; Mantoux test 1:1000 
negative, 1:100 8 mm diameter induration after 72 
hours. Chest x-ray showed a cavity in the left upper 
lobe with a small pleural effusion (Figure). Liver 
scan was negative. 





Figure Jnitial chest x-ray showing cavity in the 
left lung. 


The principal diagnoses considered were tuber- 
culosis, tropical eosinophilia, and hydatid disease 
but, in view of the patient's country of origin and 
chest x-rays, paragonimiasis was also considered. 
Specimens were sent to the Liverpool School of 
Tropical Medicine and the following results were 
obtained: stools: infertile ascaris Ova; gastric 
washings: no parasites; pleural aspirate (blood- 
stained): no ova, complement-fixation test (CFT) 
for fasciola 1:32; serum: CFT for (1) fasciola 1:32, 
(2) filaria negative, (3) hydatid 1:16. 

These findings were interpreted as compatible 
with the diagnosis of paragonimiasis. The positive 
CFT for hydatid showed the need to keep this 
diagnosis in mind but the clinical findings, radio- 
logical appearances, and normal liver scan argued 
against this possibility. Although proof of 
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paragonimiasis was not conclusively established by 
identifying ova in the specimens, the clinical, radio- 
logical, serological, and epidemiological evidence 
supported this diagnosis and the patient was treated 
with Bitin-S [Bis (2-hydroxy-3, S5-dichlorophenol) 
sulfoxide] 15 mg/kg on alternate days for 15 doses. 
Bitin-S is a new derivative of Bithionol (2, 2'- Thiobis 
(4, 6-dichlorophenol)). 

Two weeks after treatment began a second, 
nontender swelling developed in the left inguinal 
region. One month after treatment had stopped 
both swellings had disappeared, chest x-rays were 
normal, the ESR had fallen to 4 mm in Ist hour 
and the eosinophil count was only 0-6 x 10?/1 
(600/mm?). 


Discussion 


Human paragonimiasis is mainly a disease of the 
lung and the presenting complaints are usually 
respiratory—such as blood-stained sputum. Extra- 
pulmonary paragonimiasis may occur in many sites 
including the pleura, lymph nodes, muscle, and 
skin, and there can be CNS complications especially 
with P. westermani (Oh, 1967, 1968). In most patients 
chests x-rays show changes similar to those in 
pulmonary tuberculosis (Ogakwu and Nwokolo, 
1973). Occasionally unilocular or multilocular cysts 
may be seen (Nwokolo, 1972a). Diagnosis is usually 
established by demonstrating paragonimus ova in 
sputum but care must be taken to exclude tuber- 
culosis which may coexist. Ova may also be seen in 
stools and pleural exudates. 

The presentation of our patient was atypical 
because of the absence of respiratory symptoms and 
the presence of the soft tissue swellings which are 
not normally a feature of the disease. Failure to 
demonstrate the ova in sputum was disappointing 
but it was not unexpected in view of the absence of 
respiratory symptoms. The following criteria helped 
to establish the diagnosis of paragonimiasis: (1) the 
patient came from an area where paragonimiasis 1s 
endemic and gave a history of eating crayfish, (2) 
the radiological findings and eosinophilia were 
consistent with paragonimiasis, (3) excluding the 
doubtful positive Mantoux test (previous BCG vac- 
cination) there was no evidence for tuberculosis, 
(4) the fasciola CFT (usually positive in paragoni- 
miasis) was positive in serum and pleural aspirate, 
(5) treatment with Bitin-S was followed by complete 
clinical, radiological, and haematological cure. 


Summary 


A 2i-year-old girl recently arrived from eastern 
Nigeria presented with a soft tissue swelling of the 
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infraclavicular region. Subsequent investigation 
revealed a cavity in the left lung associated with a 
small pleural effusion and leucocytosis with pro- 
nounced eosinophilia. Clinical and  serological 
findings were compatible with the diagnosis of 
paragonimiasis. After a course of Bitin-S the chest 
x-ray returned to normal, the soft tissue changes 
disappeared, and the eosinophil count fell. 


We thank Professor J. A. Davis for allowing us to 
report on his patient and Professor Nwokolo for 
helpful comments. 
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Faecal excretion of oligosaccharides 
and other carbohydrates in normal 
neonates 


Sugar intolerance is a common cause or complica- 
tion of diarrhoea in infants. If watery diarrhoea is 
present from birth, or if chronic diarrhoea impairs 
growth in the newborn period, a diagnosis of primary 
alactasia may be considered. Simple tests may be 
used to assess the carbohydrate (Kerry and 
Anderson, 1964) and acid content; the presence of 
>0-5% reducing substances and pH <6 may 
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prompt the clinician to investigate the stool for the 
presence of sugars by chromatography (Soeparto 
et al., 1972; Ament, 1973). 

One such investigation, in which the presence of 
>2% reducing substances in the acid stools of a 
breast-feeding infant (Case 1) had suggested a 
diagnosis of primary alactasia, showed large 
quantities of an oligosaccharide in a stool from 
which other sugars were absent. This finding 
prompted us to examine the stools of normal 
newborn infants to determine how often oligosac- 
charides and other sugars were present. 


Patients and methods 


Stools were collected from 40 normal newborn 
- infants in the first 8 days of life. 22 were breast 


E efed and 18 were fed on gold cap SMA. There was 


no significant difference between the ages in the two 
groups. 

Stools were collected from plastic-backed dis- 
posable nappies and deep frozen within 2 hours of 
collection. The concentration of reducing sub- 
stances was estimated with Clinitest (Ames) tablets 
using the method described by Kerry and Anderson 
(1964). The pH was estimated with pH papers 
(Whatman-BDH, narrow range). 

Stool samples were homogenised with an ap- 
proximately equal volume of distilled water then 
centrifuged for 10 min at 3000 rev/min in a bench 
centrifuge (MSE minor). An aliquot of the super- 
natant (10 u1) was seeded as a streak approximately 
1 cm long and 1 cm from the edge of a 20 x20 cm 
silica gel 60 chromatographic plate (E. Merck, 
Darmstadt). The chromatogram was developed for 
6 hours in N-butanol: glacial acetic acid: water 
(75: 25:6) and then dried with warm air. Sugars 
were identified by spraying the plate with 1% 
diphenylamine: 1% aniline in acetone and heating 
for 5 min at 150°C. The mobility and colour of 
bands appearing in test samples were compared with 
a standard solution containing 500 mg/l each of 


xylose, glucose, fructose, galactose, lactose, maltose, 


and sucrose, which was cochromatographed. 

Fresh expressed breast milk, pooled and pasteur- 
ised expressed breast milk, SMA, Galactomin 17, 18, 
and 19, and cows’ milk were also examined for the 
presence of sugars by thin-layer chromatography 
without dilution and ata dilution of 1 in 30 in water. 


Results 


Reducing substances and pH. Reducing substances 
were present in amounts>0-5% in 14 (64%) out 
of 22 stools of breast-fed infants, and in 2 (it) 
out of 18 stools from artificially-fed infants. This 


difference is significant by X? test with Yates’s cor- 
rection for small numbers (y?—3.94, P<0-05). 
Amounts>1% were found in 4 samples from 
breast-fed infants and in none from artificially-fed 
ones. All stools had a pH between 5-0 and 6-5, and 
there was no difference in stool pH between the two 
groups. 


Oligosaccharides. On stool chromatography a 
prominent band was present in a position character- 
istic of an oligosaccharide (oligosaccharide I Rf 
8-0) in 34 (85%) samples. Hydrolysis, of stools 
containing only this substance in 0-1 M sulphuric 
acid, produced lactose, galactose, and fucose (6- 
deoxygalactose). The presence of the last was con- 
firmed by thin-layer chromatography, compared 
with authentic 6-deoxygalactose, and by gas-liquid 
chromatography (Murphy et al., 1974). There was 
no correlation between the presence of oligosac- 
charide I and the presence of reducing substances or 
other sugars in the chromatogram. In 16 samples a 
less prominent second oligosaccharide (oligosac- 
charide II) was identifiable close to the origin with 
an Rf value of 3-5. Its presence did not appear to be 
related to the presence of oligosaccharide I, and it 
has not been investigated further. Both oligosac- 
charides were present in the stool collected from 
Case 1. 


Monosaccharides and disaccharides. Galactose was 
the most common substance and occurred in 25 stool 
samples. Lactose was present in 17, and was observed 
in 15 of the 23 samples from infants aged less than 
5 days. Fucose or glucose was present in 17 samples. 
In 15 of these both were present and, whereas they 
did not always coexist, neither was present in the 
absence of galactose. Fructose was present in one 
sample containing more than 2% reducing sub- 
stances. 


Analysis of milks. In addition to lactose, both oli- 
gosaccharides found in the stools were also present 
in fresh expressed breast milk, pooled pasteurised 
human milk, Galactomin 18, and cows’ milk although 
they were difficult to separate in the presence of 
excess lactose. Olisaccharide bands could no longer 
be detected at dilution of 1 in 30. SMA and 
Galactomin 17 and 19 did not contain any 
oligosaccharides. 


Discussion 


The most common sugar identified in the stools of 
infants in the first 8 days of life is an oligosac- 
charide consisting of glucose, galactose, and fucose. 
Davidson and Mullinger (1970) reported the 


frequent presence of substances, often in high 
concentrations, which they did not investigate but 
suggested might be oligosaccharides. Some fucose- 
containing oligosaccharides have been described in 
milk, particularly fucosyl lactose, which is present 
in concentrations of between 150 and 300 mg/l 
(Stacey, 1962). It is reasonable to assume that the 
predominant oligosaccharide seen in 85% of new- 
born infants’ stools is fucosyl lactose and, as we 
have shown that oligosaccharide is present in both 
human and cows’ milk, it is likely that its presence in 
the stools is of dietary origin. The infant (Case 1) 
was put on a lactose-free diet consisting of Gal- 
actomin 17, which does not contain oligosaccharide 
I, and the oligosaccharide I disappeared from the 
stool. This would seem to confirm the dietary 
origin of the oligosaccharide, and we do not agree 
with Counahan and Walker-Smith (1976) that 
stool oligosaccharides are rarely found and are 
primarily of bacterial origin. As fucose and glucose 
were seen only in the presence of galactose, it is 
likely that these 3 sugars are the products of the 
intestinal hydrolysis of fucosyl lactose as they were 
also found on acid hydrolysis of a stool containing 
oligosaccharide I. This process may be responsible 
for at least some of the lactose found in the stools of 
newborn babies. 

Our findings confirm those of previous workers 
who have shown the frequent presence of large 
amounts of reducing substances in the stools of 
infants in the first week of life, particularly in babies 
who are breast fed (Davidson and Mullinger, 1970; 
Counahan and Walker-Smith, 1976). All but two 
samples had a pH <6, and we would not recommend 
that stools from infants in this age group be ex- 
amined for the presence of reducing substances or 
pH as a screening test for carbohydrate malab- 
sorption. Previous workers have not detected 
fucose, and infrequently have identified oligosac- 
charides. Our findings may be the result of a better 
chromatography method for separation of these 
substances from other sugars. Oligosaccharides are 
clearly present in a large proportion of faecal 
samples in normal neonates. Stool chromato- 
graphy may help to identify sugars in stools, but 
unless the source of these substances can be ac- 
curately identified, they cannot be relied upon to 
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make a diagnosis of carbohydrate intolerance. It 
would seem more reliable to investigate infants for 
specific malabsorption of carbohydrates by giving 
the infant a specific carbohydrate load rather than 
examine randomly collected faeces which yield 
results not open to accurate interpretation. 


Summary 


Chromatographic analysis of sugars in the stools of 
40 normal newborn infants has shown the presence 
of an oligosaccharide in 85% of samples. The 
oligosaccharide has been shown to contain fucase 
(6-deoxygalactose), glucose, and galactose and is 
present in normal breast milk. In addition fucose 
has also been found in the presence of galactose 
in some samples and is probably a breakdown 
product of milk oligosaccharides. These findings, 
which affect the interpretation of faecal sugar 
excretion, have not been described previously. 
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Kawasaki disease in Canterbury 


Sir, 

We should like to report what we believe to be the first 
recorded case of mucocutaneous lymph node syndrome 
(MLNS) in a white English child resident in this country. 

A. 9-year-old boy presented in January 1978 with a 
severe cough, was diagnosed as having bronchitis and 
treated with ampicillin by his general practitioner. Four 
days later, after an apparent recovery, he developed a 
sore throat and tender cervical lymph nodes. Diarrhoea 
and vomiting followed 2 days later with some abdominal 
discomfort. À rash appeared on his hands and feet, 
spreading to his trunk. He was febrile and 2 days later, 
when there was no improvement, he was admitted to 
hospital. 

On admission, 9 days after the onset, he was an ill, 
febrile child (peak temperature 40°C), with strikingly 
congested conjunctiva and a florid erythematous rash, 
more marked on the extremities. There was vague 
abdominal tenderness, and anorexia and vomiting 
which persisted for some days. His pyrexia persisted 
despite active measures and on the 3rd day in hospital 
his liver became palpably enlarged and tender. Because 
of concern about his fluid intake, intravenous fluids were 
started. Despite careful monitoring, later the same day 
he went into cardiac failure with gallop rhythm and 
pulmonary oedema. This was controlled during the next 
24 hours but occasional ectopic beats persisted and his 
pulse remained high for some days. During the course 
of the illness he developed a sore strawberry tongue and 
complained of occasional joint pain although there 
were no objective signs of joint involvement. On the 
Sth day, general improvement began, his temperature 
fell and his rash began to fade. The liver enlargement 
gradually diminished. On the 9th day in hospital an 
early systolic murmur was heard for the first time. The 
hands started desquamating on the 13th day and the 
feet the day after. After 3 weeks in hospital he was 
discharged with no remaining signs or symptoms, apart 
from the murmur. He remains completely well at follow- 
up 6 months later. 

The relevant laboratory investigations were: bili- 
rubin—27 umol/l (1:6 mg/100 ml); SGOT—46 IUJ/I; 
LDH—567 IU/I; electrophoresis of plasma protein— 
increased «s-globulin; gamma GT—71 IU/1; WBC— 
25-5 x10?/1 (25 500/mm?); neutrophils—819/; ESR—80 
mm in 1st hour; viral studies—negative; ASO titre— 
normal. 

The MLNS was first described in Tokyo (Kawasaki, 
1967). In 1972 the Japanese Mucocutaneous Lymph Node 
Syndrome Research Committee (Tanaka et al, 1976) 
stipulated that before a diagnosis could be made, a child 
must have a fever for at least 5 days with no response to 
antibiotics, and 3 of the following: (1) bilateral con- 
gestion of the ocular conjunctiva: (2) changes in the 


peripheral limbs including indurative peripheral oedema 
and erythema of the palms and feet, followed later in the 
illness by membranous desquamation of the fingertips; 
(3) changes in the lips and mouth including dry red 
fissured lips, strawberry tongue, and red oral and 
pharyngeal mucosa; (4) a polymorphous xanthoma of 
the trunk without crusts or vesicles. 

Other findings reported are acute nonpurulent cervical 
lymphadenopathy, mild diarrhoea, arthritis or arthralgia, 
proteinuria and pyuria, leucocytosis with neutrophilic 
shift to the left, increased ESR, and positive C-reactive 
protein. Evidence of aseptic meningitis, mild jaundice, 
increase in serum transaminase and xe-globulin, and 
evidence of carditis have also been described. 

Our case fulfilled all these criteria and many of the 
others. 

Previously reported cases in the UK are of a girl of 
Italian parentage in Nottingham (Hewitt, 1977), a 
Japanese in Birmingham (Fossard and Thompson, 
1977), and 3 West Indians in London (Scopes and 
Hulse, 1977; Lyen and Brook, 1978). With widespread 
recognition of the MLNS it seems likely that the diag- 
nosis will be made with increasing frequency in children 
of all ethnic groups. The differential diagnosis (Kawasaki 
et al., 1974) includes erythema multiforme, scarlet fever, 
Stevens-Johnson syndrome, and Still’s disease. In the 
past MLNS may well have been diagnosed as any of 
these. The prognosis is generally excellent but there is 
the occasional report of a child meeting a sudden cardiac 
death due to arteritis of the coronary system (Kegel et 
al., 1977), making follow-up of cases desirable. 

We would like to thank Drs W. J. Appleyard and 
C. A. Porter for their help in the preparation of this 
case. 


GARETH J. MoRGAN and MARGARET A. LYNCH 
Department of Paediatrics, 

Kent and Canterbury Hospital, 

Canterbury CTI 3NG, Kent 
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Gentamicin dosage schedules 


Sir, 

The paper by Yoshioka et al. (Archives, 1978, 53, 334), 
gives a guide to gentamicin dosage for an age group 
missed by the popular adult nomograms. Such a guide 
is necessary when choosing initial dosage, but we believe 
that subsequent maintenance therapy should be moni- 
tored by determining serum gentamicin levels in all 
patients rather than just in ‘difficult’ cases as suggested 
by the authors. The disadvantage of determining the 
half-life of gentamicin from creatinine clearance is that 
the latter should be corrected to the patient's lean body 
mass (Hull and Sarubbi, 1976). The lean body mass of 
an acutely-ill oedematous child with chronic renal 
disease is difficult to estimate. 

Gentamicin clearance is a sensitive indicator of renal 
function, and is logically best predicted by measuring 
serum levels of the drug itself. Sawchuck and Zaske (1976) 
described a method of calculating the half-life and 
distribution volume of gentamicin. We have adapted 
this method for a programmable calculator instead 
of the computer. Our experience suggests that the 
one-compartment model used in this method is perhaps 
too simple: the half-life derived from serum levels of 
gentamicin in the first 4 hours after a dose overestimates 
the subsequent rate of clearance and slightly under- 
estimates the interval between doses. A better model 
could be made by fitting a 2- or 3-term exponential 
function to later serum levels (Kahlmeter et al., 1978) 
but the one-compartment model does provide useful 
insight into the effects of varying dosage regimens. 

We question whether a dosage of 1 mg/kg is enough to 


—treat serious infections, especially by IM injection. The 


peak serum levels achieved in the 3 patients treated 
by the schedule were all below 5 ug/ml. The longer the 
dose takes to enter the circulation, the lower the 


interstitial fluid levels will be (Kozak et al., 1977). 


/ 


There appears to be no alternative to repeated measure- 
ment of serum gentamicin levels, and our efforts should 
be directed towards improving the accuracy and avail- 
ability of our assays. Micromethods using small quanti- 
ties of blood would be particularly valuable for very 
young children for whom venepuncture is often difficult 
or impossible. There is one factor in our favour: the 
interval between doses for many patients with renal 
failure is longer than our slowest bio-assay. 

R. T. MAYON-WHITE and ELIZABETH M. PERKS 
Regional Public Health Laboratory 

and Department of Bacteriology, 

Radcliffe Infirmary, Oxford 
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Dr Yoshioka and co-workers comment: " 


We welcome the comments from Dr Mayon-White and 
Miss Perks. Their opinion is acceptable asa principle that 
serum levels should be monitored in all patients receiving 
gentamicin treatment. But unfortunately many hospitals 
do not provide antibiotic assay systems, and even in 
hospitals in which this service is available, the repro- 
ducibility of measured levels is reported to be poor 
(Reeves and Bywater, 1975). In such a situation we 
believe proposed nomograms or other pharmacokinetic 
data are still a useful guide in planning gentamicin 
treatment. 

The statement about correcting the creatinine clearance 
value to the patient's lean body mass seems misleading. 
Obviously, endogenous creatinine clearance is a value 
which is determined on the basis of the serum level and 
the amount of creatinine excreted in urine in a unit of 
time. Rapid evaluations of creatinine clearance or 
glomerular filtration rate are proposed on the basis of 
age, body weight, and serum creatinine level for adults 
(Hull and Sarubbi, 1976), and of body length and plasma 
creatinine level for children (Schwartz et al., 1976). How- 
ever, we do not agree with the use of values obtained by 
these expedients until it is otherwise proved that these 
values actually correlate with serum half-life of genta- 
micin. Only values determined in individual patients 
should be used for our dosage schedule at the present 
time. 

As far as the serum half-life determination of genta- 
micin is concerned, we do not argue with their statement 
that it should be done after 4 hours of dosing. However, 
absorption of gentamicin from the injected site is rapid 
even in patients with renal insufficiency. Peak levels 
were attained within 2 hours in all our patients (Table 1) 
after intramuscular dosing, and therefore we do not 
believe the lower blood level in the 3 patients was due 
to delayed absorption. 

The serum concentration of gentamicin was once 
reported to be unpredictable (Kaye ef al., 1974). But 
recently it became evident that a series of factors affect 
the serum concentration. These include obesity of the 
patient, unstable renal function, haematocrit values, 
administration of other drugs, or certain disease states 
of the patient. The accuracy of prediction of gentamicin 
level was reported to have markedly improved by taking 
account of these factors (Hull and Sarubbi, 1976). We 
believe that satisfactory treatment can be achieved, with 
few exceptions, by using dosage schedules; however, it 
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would surely be convenient if reliable micromethods of 
gentamicin assay which are accurate and applicable to 
clinical practice could be developed. 


HAJIME YOSHIOKA, MASATOSHI TAKIMOTO, 

IcHrRO MATSUDA, and SHINZABURO HATTORI 
Department of Paediatrics, Asahikawa Medical C ollege, 
and Kumamoto University School of Medicine, 

Japan 
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Sweat testing for cystic fibrosis 


Sir, 

Bray et al. (Archives, 1978, 53, 483) conclude that the 
mass screening of newborn babies with chloride ion- 
selective electrodes is a feasible method for the diagnosis 
of cystic fibrosis; they also suggest that this procedure 
might be used in conjunction with meconium analysis to 
reduce the incidence of false positive results. 

In 1972 we reported the details of a child with proved 
cystic fibrosis in whom raised sweat sodium but normal 
sweat chloride levels were obtained during treatment 
with cloxacillin (Griffiths and Bull, 1972). Attention was 
drawn to the implication of the finding with regard to 
screening procedures, and the suggestion was made that, 
in at least some children with cystic fibrosis, the clox- 
acillin radical might replace the chloride ion in the 
sweat. 

Infants might also be exposed to drugs administered to 
their mothers (either by transplacental passage or 
excretion in the breast milk). Although Beechams Ltd 
have no direct information on cloxacillin, after an oral 
dose of 250 mg of flucloxacillin, amniotic fluid concen- 
trations of less than 2-5 ug/ml, and breast milk concen- 
trations of less than 0-1 ug/ml were obtained (personal 
communication). 

When mass screening for cystic fibrosis is to be under- 
taken using methods based on the estimation of sweat 
chloride levels, it is therefore prudent to inquire whether 
the infant is receiving medication from any source and, 
if so, to interpret the results with caution. 

A. D. Grirrirus and F. E. Burr 

° Departments of Paediatrics and Biochemistry, 

Nevill Hall Hospital, 
Abergavenny, Gwent NP7 7EG 
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Dr Bray and co-workers comment: 


We welcome the opportunity of commenting on the 
letter from Drs Griffiths and Bull. The instance mentioned 
ofa child with proved cystic fibrosis in whom normal sweat 
chloride was obtained together with raised sweat sodium 
(Griffiths and Bull, 1972) is known to us (Bray et al., 
1975). One of us (P.T.B.) came across a similar case 
about 2 years ago, giving credence to the view that 
ionised penicillinate displaces the chloride in excreted 
sweat. 

These are instances of false-negative sweat chloride 
readings, but there is no evidence yet from our 1205 tests 
of any false-negative cystic fibrosis sweat chloride (Bray 
et al., 1978); the statistical chance of this is in any case 
small. Nevertheless, the two cases cited above do give the 
cause for concern that must arise for false negative 
results of any screening programme. The aim must be to 
recognise their cause and eliminate them. 

The above two cases may be related to the observation 
(di Sant’Agnese, 1975) that IM injection of aldosterone 
lowers sweat electrolyte levels in patients with cystic 
fibrosis to the normal range. These several cases suggest a 
need for a systematic investigation of the effect of 
medication on sweat ion levels in general as well as in 
cystic fibrosis cases. 

P. T. BRAY 

Department of Paediatrics, 

University of Malaysia Medical School, 
Kuala Lumpur, Malaysia 


G. J. Moopy and J. D. R. THOMAS 
Department of Chemistry, 
University of Wales Institute of 
Science and Technology, 

King Edward VII Avenue, 

Cardiff CFI 3NU 
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Renin and aldosterone response in 
human newborns to acute change 
in blood volume 


Sir, 

Referring to the paper by Dillon et al. (Archives, 1978, 
53, 461), we should like to report our studies on 26 term 
neonates, who were exchange transfused and compared 
with 10 healthy controls. The aetiology of jaundice of 
the exchanged newborns was Rhesus incompatibility in 
5 cases, ABO incompatibility in 11, G-6-PD deficiency in 
5. and in the remaining 5 it could not be determined. The 
blood used for exchange transfusion was supplemented 
with citrate dextrose (ACD). Angiotensin I levels were 
measured, by the radioimmunoassay technique of Haber 
et al. (1969), immediately before, in the middle, and at 
the end of the exchange transfusion. The middle and 
end transfusion specimens were taken after a 10-min 
interruption of the exchange transfusion. No loading of 
the baby’s circulation was made by leaving a surplus. 
Serum Na, Hct, and Hb were also determined. 

The angiotensin I levels of the exchange transfused 
infants at the beginning (1-36-2-0-18 SE ng/ml per hour), 
the middle (1-75--0-18), and the end of the exchange 
transfusion (1-47—0-18) did not differ significantly, 
although an increase was observed in the middle. Neither 
did the serum sodium levels differ. 

The mean level--SE of angiotensin in the blood used 
for the exchange transfusion was 0-84--0-13. If the 
aetiology of jaundice is taken into consideration, the 
angiotensin I levels of the infants, whose jaundice was 
due to G-6-PD deficiency, were lower (0-874-0-23) at 
the beginning of the exchange transfusion than those of 
infants with jaundice due to Rhesus incompatibility 
(1:36--0-46), ABO incompatibility (1-52--0-27), or to 
unknown causes (1-47-+-0-30), or to the levels of the 
healthy controls (1-59+0-16). No correlation between 
the Hct and angiotensin levels was noted. Lower levels 
of angiotensin I were found before the exchange 
transfusion in infants on their first 2 days of life. 

From the above data we can conclude that exchange 
transfusion, if done slowly and lasting 13-2 hours, does 
not influence the angiotensin levels of the newborn. 
Moreover this slow rate of exchange transfusion cor- 
responds to the one (of 5 ml/kg per 3 min) recommended 
by Aranda and Sweet (1977) as producing only minimal, 
rapid, reversible changes in the blood pressure. The ob- 
served lower angiotensin I levels in the jaundiced infants 
with G-6-PD were probably due to the young age (23 days 
median) of the infants and not to increased haemolysis. 


S. FRANGATOS, E. HADJIGEORGIOU, D. ALEXIOU, 
C. CONSTANTINIDES, N. KALPOYIANNIS, and 

D. NICOLOPOULOS 

Department of Clinical Therapeutics 

of Athens University, and Neonatal Department, 
Alexandra Maternity Hospital, 

Athens 611, Greece 
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Gluten challenge in treated 
coeliac disease 


Sir, E 
In their interesting paper (Archives, 1978, 53, 449), 
Packer et al. state that (after a 3- to 4-month period of 
gluten ingestion) ‘the finding of a normal postchallenge 
biopsy excludes coeliac disease', but they also counsel 


that such children should be followed for up to 2 years *e * 


after challenge, with the implication that a normal 
biopsy at this time definitely excludes coeliac disease. 
We have made a preliminary report of a similar study 
which is being published in greater detail (McNicholl 
et al., 1979). 40 children were challenged with gluten 
after a mean of 5-8 years on gluten-free diets and so 
far 37 have been confirmed to have coeliac disease by 
the occurrence of mucosal relapse. In some children, 
the mucosal relapse was very much slower than in the 
patients of Packer et al. In one girl after 28 months on 


gluten the overall appearance of the mucosa was just ` 


acceptable as normal and the interepithelial lympho- 
cytes and mucosal disaccharidases were normal; it was 
not until the 63rd month on gluten that the mucosa was 
sufficiently abnormal to indicate definite relapse. 
Throughout this period she showed no haematological 
abnormalities and remained on the 75th centiles for 
height and weight. 

We strongly reinforce the recommendation of Packer 
et al. that coeliac disease should not be diagnosed 
without satisfactory biopsy and agree that it was neces- 
sary for them to attempt to prove or disprove the initial 
diagnosis of coeliac disease (probably made by others) 
by gluten challenge. However, we would regard the 6 
children with normal biopsies after 2 years on gluten as 
unsatisfactory subjects for allowing conclusions to be 
drawn concerning gluten intolerance, in the absence of 
an initial diagnostic biopsy. We agree with them that 
there are no consistent biochemical, haematological, or 
anthropometric indices of mucosal relapse. Finally, our 
experience dictates (Egan-Mitchell et al., 1978) that child- 
ren whose initial mucosa had been definitely abnormal and 
who had fulfilled other accepted criteria for coeliac disease, 
must be followed up for considerably longer than 2 years, 
to allow a primary diagnosis of coeliac disease to be 
discarded. 


B. MCNICHOLL, B. EGAN-MITCHELL, and 
P. F. FOTTRELL 


Department of Paediatrics, 
Regional Hospital, 
Galway, Eiré 
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Sir, 

Packer et al. (Archives, 1978, 53, 449) reported their 
experience of 32 children previously diagnosed as having 
coeliac disease who were reinvestigated by gluten 
challenge in a well-documented study. While I agree 
with their advocacy of a small intestinal biopsy some 3 
months after return to a gluten-containing diet, I cannot 
agree that a normal small intestinal biopsy, after such a 
3-month interval, suggests that coeliac disease is ‘for 
practical purposes’ excluded. I have published details of 
my own experience concerning 2 children who re- 
spectively had a normal small intestinal mucosa after 
the following intervals back on a gluten-containing diet: 
6 months (Walker-Smith, 1972), and 14 months (Walker- 
Smitli et al., 1978). Yet they subsequently developed an 
abnormal small intestinal mucosa 1 year 10 months and 
2 years respectively on a gluten-containing diet. So in 
fact these children did have coeliac disease and a previously 
normal biopsy after gluten challenge did not exclude this 
diagnosis. Such circumstances are certainly not common, 


- but I believe that it is vital to emphasise the importance 


of a final biopsy at least 2 years after returning to a 
normal gluten-containing diet (as in fact, Packer et al. 
did) before it can be stated that coeliac disease is ex- 
cluded (Walker-Smith and Kilby, 1977). What is more, 
Egan-Mitchell et al. (1978) and others have described an 
occasional child who may take even longer than the 
2-year interval before developing a histological relapse. 
Therefore, it is my view that it is of great importance that 
there should be long-term, perhaps indefinite follow-up 
into adult life, for those children previously diagnosed as 
having coeliac disease in whom the mucosa remains normal 
despite return to a normal gluten-containing diet for 2 or 
more years. It is possible that some may eventually relapse. 


J. A. WALKER-SMITH 
Queen Elizabeth Hospital for Children, 
Hackney Road, London E2 8PS 
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Hazards of hypertonic magnesium 
enema therapy 


Sir, 

Serious electrolyte disturbances can follow the use of 
enemas in children who have chronic bowel problems 
associated with disturbed absorption (Moseley and 
Segar, 1968). The hazards of hypertonic phosphate 
enemas were shown by Loughnan and Mullins (1977) 
and we have recently seen a case. 

A 4-year-old boy had been attending medical out- 
patients department with chronic functional constipation. 
His father, weary of the child’s chronic burden, had 
bought from a chemist, without prescription, a Fletcher’s 
magnesium sulphate retention enema. The father then 
administered approximately 100 ml of the total 130 ml 
magnesium sulphate to the child per rectum. In the 
father’s presence 20 minutes later, the child suddenly 
collapsed and apparently lost consciousness. He was 
subsequently rushed to hospital by ambulance. 

On admission the child was found to be deeply un- 
conscious with fixed dilated pupils. He was centrally 
cyanosed with shallow, irregular respirations. Heart rate 
was 120/minute. He was markedly hypotonic and deep 
tendon reflexes could not be elicited. The child was 
immediately intubated and intermittent positive pressure 
ventilation was successfully carried out. Fortunately the 
full preceding history was elicited early and 10 ml 
1075 calcium gluconate was administered intravenously. 
Within a few minutes consciousness was regained, the 
pupils began to react to light, the deep tendon reflexes 
returned to normal, and spontaneous respirations were 
rapidly re-established. Initial investigations were Ca 
2-31 mmol/l; 9:24 mg/100 ml (normal range 2-1-2-6 
mmol/l; 8-4-10-4 mg/100 ml), Mg 5-87 mmol/l; 14-3 
mg/100 ml (normal range 0-7-1-0 mmol/l; 1-7-2-4 
mg/100 ml). Serial serum magnesium levels remained 
grossly raised and, subsequently, more treatment in the 
form of further aliquots of intravenous calcium gluconate, 
followed by peritoneal dialysis, and then by forced 
diuresis, was carried out for the next 18 hours. Results 20 
hours after enema, were Ca 2-27 mmol/l (9-1 mg/100 ml), 
Mg 0-91 mmol/l (2-2 mg/100 ml). The child continued 
to make a full recovery without any abnormal sequelae. 

We feel this case shows the danger resulting from the 
availability of such enema preparations, permitting well 
intentioned but ill advised use by parents and others. It 
would appear that the recent legislation covering Part III 
of the Medicines Act does not restrict the sale of disposable 
enemas. 

A. T. BRowN and W. A. B. CAMPBELL 
Royal Belfast Hospital for Sick Children, 
Falls Road, Belfast, 

Northern Ireland 
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